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ADVEETISEMENT. 



Mb. Baeeb*s popular treatise on Mensnration has become 
a text-book in some of the principal schools and institutions 
in this country and America. This new edition has beeti 
entirely revised by Mr. Edward Nugent, G.E., in order to 
render it the most correct and useful treatise on Mensuration 
for the use of practical engineers, for land surveyors, and 
for students. 

April, 1868. 

*^* The work has been again revised, and the few 
blemishes which remained undetected in the former impres- 
sion have now been removed. 

Mareh, 1871. 
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INTRODUCTION. 



It will at once be seen fiioi condensation of the materials pro* 
duced by previous authors, and the introduction of a judicious 
selection of matter, adapted to the expanded intellect of the 
present age, are the proper requisites for a work on Mensura- 
tion. To this plan, the author trusts, from his long expe- 
rience in engineering pvj:^uits, that he has stfictly adhered. 
In the first part, on Practical Geohetbt, numerous examples 
are introduced, wherein the dimensions of certain parts are 
given to find the dimension of their corresponding parts, 
which has been rarely or never done by previous authors. 
This part is succeeded by a second part, on the Mensubatioit 
OF Lines ; which is not added for the sake of novelty only, 
but because it seemed to be the natural order of a work of 
this kind. The third and fourth parts treat of the Mensuba- 
TioN OF SupEBPicEs AJSD OP SoLiDS ; wlulc in all the three 
last-named parts the rules are not only given in words at 
length, in the usual way, but the same rules are expressed by 
I'oKHULJfi, together with other formulsB depending thereon, 
by which the rules receive considerable extension. Some of 
the rules and examples are taken verbatim from Dr. Hutton^s 
Mensuration ; for the author conceives that it would be dis- 
reputable to attempt, by verbal alterations in such rules, to 
give an air of originality to his work, as all other authors have 
done since Dr. H.*s time : the originality of this work consists 
in the new matter, everywhere added, to adapt it to the 
wants of modem times. Timber measure and Artificer's 
work, the latter with considerable modem improvements, are 
next introduced, with concise and practical methods of finding 
the surfaces and solidities of vaulted roofs, arches, glomes, &c. 

Concise, and the author trusts, clear systems of Mensuration 
applied to land, Le, surveying, levelling, laying out railway 
curves and finding the contents of railway cuttings, complete 
the work, and may serve as an introduction to other more 
extended treatises on Land and Engineering Surveying, adapted 
to modem practice. 

The demonstrations of all the rules and formulae, in the 
four leading parts of the work, will be found in Dr. UuttorC^ 



Viii INTBODUCTION. 

La/rge Mensuration and in the JRudimentary Oeometry of this 
series. 

Conic Sections and their solids are very briefly treated of in 
this work, and chiefly in as far as they may be usefdl to those 
who intend to become excise officers, whose actual practice is 
best learnt from an experienced officer. An extended article 
is not generally useful to practical men. 

The weights and dimensions of balls and shells may be 
found by Prob. VIII., Part IV., in. conjunction with the 
Table and Rules for finding the specific gravities of bodies. 

The method of piling balls and shells, finding their nnmher 
in a given pile, and the quantity of powder contained in a 
given shell or box, form no essential part of a work on men- 
suration, being only useful in an arsenal, and are also omitted 
The author has thus secured space for the ample discussion ol 
subjects really useful to the great majority of students and 
practical men, in the compass of a volume less than half the 
size and one-fifth of the price of the works of his predecessors 
on Mensuration. 

The plan being thus briefly detailed, it will now be proper, 
previous to studying the following work, to give the following 

SUGGESTIOll^S TO STUDENTS. 

Mensuration treats of the various methods of measuring 
and estimating the dimensions and magnitudes of figures and 
bodies. It is divided into four parts, viz., Practical Geometry, 
and Mensuration of Lines, of Superfices, and of Solids, with 
their several applications to practical purposes. 

The beginner, for a first course, may omit the problems 
beyond the thirty-second in Practical Geometry, and Problems 
III., VIII., IX., XI., and XII., in the Mensuration of Lines, 
with the formulflB and examples depending on them. He may 
tJso omit all the formulae in the Mensuration of Superfices 
and Solids, with the examples depending on them, as well as 
the problems beyond the tenth in the Mensuration of Solids, 
except it is required he should learn the method of gauging 
casks, in which case omit only the two last problems. But tf 
he require an extensive knowledge of some or all the subjects 
here treated of, he will do well to learn the use of such of 
the formulae and the other parts, omitted in the first course, 
according to what he may require as a practical man. 
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PART I. 



PRACTICAL GEOMETRY. 

DEFINITIONS. 

1. A point has no dimensions^ neither length, breodtfay nor 
thickness. . 

2. A line has length only, as A. 

8. A surface or plane has length and 
breadth, as B. 



B 




4. A right or straight line lies wholly in the same directioi^ 
as AB. 

5. Parallel lines are always at the same ^ ® 
distance, and never meet when prolonged, q P 

' as A B and C D. ' 

6. An angle is formed by the meeting of 
two lines, as A C, C B, It is called the 
angle ACB, the letter at the angalar point 
C being read in the middle. 

7. A right angle is formed by one right 
line standing erect or perpendicular to an- 

[ O other ; thus, ABC is a right angle, as is 
" ( also ABE. 

8. An acute angle is less than a right 
angle, as D B C. 

9. An obtuse angle is greater than a right angle, as D B E« 

1 




}6 71UCTICAL GEOMETRY. 

10, A plane triangle is a space included by three right lines. 
and haa three angles. 

11, A right angled triangle has one right 
angle, as A B C. The side A C, opposite the 
right angle, is called the hypothenuse ; the 
sides A B and B C are respectivelj called the 
base and perpendicular. 

12. An obtuse angled triangle has one obtuse 
angle, as the angle at B. * 

18. An acute angled triangle has all its 
three angles acute, as D. 

14. An equilateral triangle has three eqaal 
aides, and three equal angles, as E. 

* 

15. An isosceles triangle has two equal sides, 
and the third side greater or less than each of 
the equal sides as F. 

16. A quadrilateral ^gure is a space bounded bj four right 

lines, and has four angles ; when its opposite 
sides are equal, it is called a parallelogram. 









17 m A square has all its sides equal, and all 
its angles right angles, as G. 



18. ^ rectangle is a right angled parallelogram, whose length 
exceeds its breadth, aa B, (see figure to definition 3). 

19. A rhombus is a parallelogram having 
all its sides and each pair of its opposite angles 
equal, as I. 

20. A rhomboid is a parallelogram having 
its opposite sides and angles equal, as K 

21. A trapezium is bounded by four 
straight lines, no two of which are parallel 
to each other, as L. A line connecting 
any two of its angles is called a diagonal, as 
AB. 

* In some works this is also called a scalene triangle. 
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J polygons. 

bounded by a -Kr — s^ 

nee, which is r • T 

>int C within, \^ ) 




22. A trapezoid is a quadrilateral, having two 
of its opposite sides parallel, , and the remaining 
two not, as M. 

23. JPoh/ffons have more than four sides, and receive particular 
names, according to the number of their sides. Thus, a pentagtm 
has five sides; a hexagon^ six; a keptagony seven; an oetagon^ 
eight; &c. They are regular polygons, when all their sides and 
angles are equal, otherwise irregidar polygons. 

24. A circle is a plain figure, bounded by a 
curve line, called the circumference, 
everywhere equidistant from a point 
called the centre 

25. An arc of a circle is part of the circumference, as A B. 

26. The diameter of a circle is a straight 
line AB, passing through the centre G, and 
dividing the circle into two equal parts, 
each of which is called a semicircle. Half 
ihe diameter A C or C B is called the radius. 
If a radius G D be drawn at right angles to 
A B, it will divide the semicircle into two 
equal parts, each of which is called a quadrant^ or one fourth of 
a circle. A chord is a right line joining the extremities of an 
arc, as FE. It divides the circle into two unequal parts called 
segments* If the radii C!^, GE be drawn, the space, bounded by 
these radii and the arc EE, will be the sector of a circle, 

27. The circumference of every circle is supposed to be divided 
into 360 equal parts, called degrees, and each degree into 60 
minutes, each minute into 60 seconds, &c. Hence a semicircle 
contains 180 degrees, and a quadrant 90 degrees. 

28. The measure of an angle is an arc of any 
circle, contained between the two lines which 
form the angle, the angular point being the centre ; 
and is estimated by the number of degrees con- 
tained: — thus the arc AB, the centre of which 
is C, is the measure of the angle AGB. If the 
angle AGB contain 42 degrees, 29 minutes, and 48 seconds, it is 
thus written 42' 29' 48". 

The magnitude of an angle 
does not consist in the length of 
the lines which form it : the 
angle GBQ is less than the 
angle ABE, though the lines 
CB, GB are longer than AB, 
£B. 





4 PRACTICAL GEOMSTBT. 

PROBLEMS IN PRACTICAL GEOMETRY. 

(In tolving the five foIlowiii4 problems only a pair of common compasses and 
a straight edge are required ; tLe problems beyond the fifth require a scale of 
equal parts ; and the two last a line of chords : all of which will be found in a 
oommon case of instruments.) 

Problem I. 
..c^' To divide a given straight line A B irUo ftoo 

.••'K equal parts^ 

From the centres A and B, with any radius, 

2p-^5 — 3 oi opening of the compasses, greater than half 

A B, describe two arcs, catting each other in C 

^4.^ and D; draw CD, and it will cut AB in the 

^ middle point E. 

Problem II. 

At a given distance E, to draw a straight line C D, parallel 

to a given straight line A B. 

E From any two points m and r, in 

n g the line A B, with a distance equal to 

C ,' *■""' '.. — .. — .. D E, describe the arcs n and * :--draw 

C D to touch these arcs, without cut- 

A — jjj Jl B ting them, and it will be the parallel 

required. 

KoTB. This problem, as well as the following one, is usually performed bv aa 
Instrument called iheparaUel rvler. 

Problem III. 
JTirough a given point r, to draw a straiglit line CD parallel 
to a given straight line A B. 

From any point n in the line A B, with 

^r *D t^© distance n r, describe the arc r m : — from 

/vT i centre r, with the same radius, describe the 

; *'•♦.. Z arc nsi — take the arc m r in the compasses,* 

^* and apply it from nio s : — through r and a 

draw C D, which is the parallel required. 

Problem IV, 
From a given point V in a straight line A B to erect a per^ 
pendictdar, 

1 fVhen the point is in or near the middle qfthe line. 

On each side of the point P take any two 

^f \ C equal distances, P m, P n ; from the points 

m and n, as centres, with any radius greater 

than P m, describe two arcs cutting each 

other in C; through C, draw C P, and it will 

A » P "jT^B ^ *^® perpendicular required. 



X? 



4. 
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2. J^en the point F is at the end of the line* 

With the centre P, and any radius, de- 
Bcribe the arc nrs ; — from the point n, 
with the same radius, turn the compasses 
twice on the arc, as at r and s : — ^again, 
with centres r and «, describe arcs inter- 
secting in C : — draw C P, and it will be 
the perpendicular required. ^ 

NbTB. This problem and the following one sre HBually done with an instni* 
ment called the $gwxre. 

Problem V. 

From a given point C to let fall a perpendicular to a given lin^ 
1 When the point is nearly opposite the middle of the line. 

From C, as a centre, describe an arc to cut 
A B in m and n ; — with centres m and n, 
and the same or any other radius, describe 
arcs intersecting in o : through G and o draw 
G o, the perpendicular required. 



,wt 






> 



V 



ff^ 



2. When the point is nearly opposite the end of the line. 

From G draw any line G m to meet B A, 
in any point m\ — bisect C m in n, and with 
the centre n, and radius Git, or m% describe 
an arc cutting B A in P. Draw G P for the 
perpendicular required. 

Problem VI. 

To construct a triangle with three given right lines^ any two 
of which must be greater than the third, (Euc. L 22.) 

Let the three given lines be 6, 4 and 3 
•yards. From any scale of equal parts lay 
off the base A B = 6 yards ; with the 
centre A and radius A G == 4 yards, de- 
scribe an arc ; with centre B and radius 
CB = 3 yards; describe another arc cutting the former arc in 
C:— draw AG and GB; then AB G is the triangle required. 

Problem Vn. 

Given the base and perpendicular, with 
the place of the latter on the base, to con* 

struct the triangle. 

Let the base AB = 7, the per- 
pendicular G D = 3, and the dis- 
tance A D = 2 chains. Make A B 

=: 7 and AD = 2; — at D erect the 

AD B 
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perpendicular D G, which make = 3 : — draw A C and C B ; 
then A B G is the triangle required. 

Problem VIII. 
To deterihe a square, whose aide shall be of a given length » 

Let the given line A B be three feet. 
At the end B of the given tine erect the 
perpendicular B C, (by Prob. IV. 2.) which 
make = A B : — with A and G as centres, 
and radius A B, describe arcs cutting each 
other in D : draw AD, D G> and the 
square will be completed. 

Problem IX. 

To describe a rectangled parallelogram having a given length 
and breadth. 




Pi 
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Let the length A B = 5 feet, 
and the breadth B G = 2. At B 
erect the perpendicular B G^ and 
make it = 2 : — ^with the centre A 
and radius B G describe an arc ; and 
with centre G and radius AB describe 
another arc, cutting the former in 



D : join AD, D G to complete the rectangle. 

Problem X. 

Hie base and two perpendiculars being given to construct a 
trapezoid. 

D 



Let the base A B = 6, and the 
perpendiculars A D and B G, 2 and 
3 feet respectively. Draw the per- 
pendiculars A D, D G, as given above, 
and join D G, thus completing the 
trapezoid. 

Problem XI. • 

To construct a right angled triangle having a given base and 
^perpendicular, and to find the hypothenuse. 





Let the base A B = 6 feet, and the perpen- 
dicular B G = 8. Draw B G perpendicular 
to A B, and join A G ; then A B G will be the 
triangle required, and A G being measured will 
be found =10 feet. 
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Problem XII. 

Hating given the base and hypothenuae to construct the right 
angled triangle^ and find the perpendicular, 

{See figure to last Problem,) 

Let A fi = 6 feet and A C = 10. — Draw the perpendicular 
B C indefinitely ; take A C = 10 feet in the compasses^ and with 
one foot on A apply the other to C ; join A C, which completes 
the triangle^ and B C will be found = 8 feet. 

EXAMPLE. 

A ladder 50 feet in length is placed with its foot 14 feet from 
a wall, the top of the ladder just reaching to the top of the wall ; 
required the height of the wall. 

Here 14 feet is the base of the right angled triangle, and 50 
feet, = length of the ladder is the hypothenuse, with which the 
triangle being constructed, as in the last Problem, the perpen- 
. dicular will be found = 48 feet. 

Problem XIII. 

To divide a given angle ABC into two equal parts. 

From the centre B, with any B 

distance, describe the arc A C. 
From A and C, with one and the 
same radius, describe arcs inter- 
secting in m. Draw the line B m, 
and it will bisect the angle as re- 
quired. 

Problem XIV. 

To set off an angle to contain a given number of degrees. 

Let the angle be required to 
contain 41 degrees. Open the 
compasses to the extent of 60° 
upon the line of chords, and 
setting one foot upon A, with 
this extent, describe an arc cut- 
ting A B in B ; then taking the A-^ 15. 

extent of 41° from the same line of chords^ set it off from B to 
C ; join A C ; then B A C is the angle required. 

Problem XV. 

To measure an angle contained by two straight lines. 

{See last figure,) 

Let A B, A C contain the angle to be measured. Open the 
compasses to the extent of 60°, as before on the line of chords, 
and with this radius describe the arc B C, cutting A B, A C 
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produced, if necessary^ in B and C ; then extend the compasses 
from B to C, and this extent, applied to the line of chords, will 
reach to 41^, the required measure of the angle fi A C. 

A right angle, or perpendicular, may be laid off by extending 
the arc B C, and setting off the extent of 90° thereon. Also an 
angle greater than 90° may be laid off, by still further extending 
the arc, and laying the excess of the arc above 90°, from the end 
of the 90th degree. 

NoTB. Angles are more correctly and expeditiously laid off and measured 
by an instrdment called the protractor, to be hereafter described. 

Problem XVI. 

To find ike centre of a circle.. 

Draw any chord A B, and by Prob. I. 
bisect it perpendicularly with C D, which 
will be a diameter. Bisect C D in the point 
O, and that will be the centre. 

Problem XVII. 

To describe the circumference of a circle through three given 
points ABC. 

From the middle point B draw chords 
to the two other points A, C, bisect these 
chords perpendicularly by Lines meeting 
in O, which will be the centre ; then from 
the centre O, at the distance O A, or O B, 
or O C, describe the circle. 

NoTB. In the same manner may the centre of an arc of a circle be found. 

Problem XVIII. 

Through a given point A to draw a tangent to a given circle. 

Case I. When A u in the circumference of the circle. 

From the given point A, draw A O to 
the centre of the circle ; then through A 
draw B C perpendicular to A O, and it will 
be the tangent as required. 

Case II. When the given point is B not in 
the circumfefence. 

From B draw B O to the centre of the circle ; and on B 
describe the semicircle B A O, cutting the circle in A : then 
through B and A draw B A C, and it will be the tangent re- 





qui] 
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Problem XIX. 

To make a regular pentagon on a given line A. R. 

Make B m perpendicular and equal 
to half A B ; draw A m, and produce 
it till m n be equal to B m ; with centres 
A and B, and distance B n describe 
arcs intersecting in a, which will be 
the centre of the circumscribing circle t 
then with the centre o, and the same 
radius,, describe the circle ; and about A * B 

the drcumferehce of it apply A B the proper number of times. 

Problem XX. 

To make a hexagon on a given line A B. 

"With the distance A B^ and the 
centres A and B, describe arcs inter- 
secting in ; with the same radius and 
centre o describe a circle^ which will 
circumscribe the hexagon ; then apply 
the line A B six times round the cir- 
cumference, marking out the angular 
points, and connect them with right Hues. 

Problem XXI. 

To make an octagon on a given line A B. 

Erect A F and B £ perpendicular 
to A B ; produce A B both ways, and 
bisect the angles m A F and n B £ 
with the lines A H and B C, each 
equal to A B ; draw C D and H G 
parallel to A F or B £, and each equal 
to A B ; with the distance A B, and 
centres G and D, cross A F and B £ 
Ui F and £ : then join G F, F £, £ D, 
and it is done. 

Problem XXII. 

To make any regular polygon on a 
given line A B. 

Draw A o and B o making the 
angles A and B each equal to half 
the angle of the polygon, by Prob. 
XIY., with the centre o and distance 
A describe a circle : then apply the 
line A B continually round the cir- 
cumference the proper number of times^ and it is done* 

1* 
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NoTR. The tngle of tny polygon, of which the angles o A B and o B A are 
each one half, ii found thus : divide the whole 360 degrees by the number of 
tides, and the quotient will be the angle at the centre o ; then subtract that 
from 180 degrees, and the remainder will be the angle of the polygon, and is 
double of A B or of B A. And thus you will find the numbers of the fol- 
lowing table, containing the degrees in the angle o, at the centre, and the 
angle of the polygon, for all the regular figures from 3 to 12 sides. 







Angle 


Angle 


Angle 


No of sides. 


Name of the Polygon. 


at the 


of the 


A B or 






centre. 


polygon. 


B A. 


I 

8 


Trigon (Triangle) 


120° 


60° 


30^ 


4 


Tetragon 


90 


90 


45 


6 


Pentagon 


72 


108 


54 


6 


Hexagon 


60 


120 


60 


7 


Heptagon 


51f 


128f 


644 


8 


Octagon 


45 


135 


67i 


9 


Nonagon 


40 


140 


70 


10 


Decagon 


36 


144 


72 


11 


Undecagon • 


32A 


147A 


73^ 


12 


Dodecagon • 


ao 


150 


75 



Problem XXIII. 

In a given circle to inscribe any regular polygon ; or to divide 
the circumference into any number of equal parts. 

(See the last figure,) 

At the centre o make an angle equal to the angle at the centre 
of the polygon, as contained in the third column of the above 
table of polygons : then the distance A B will be one side of the 
polygon, which being carried round the circumference the proper 
number of times, will complete the figure. Or, the arc A B will 
be one of the equal parts of the circumference. 

Problem XXIV. 
About a given circle to circumscribe any regular polygon. 

Find the ppints m, it, j9, &c., as in the 
last problem ; to which draw radii m o, 
n o, &c., to the centre of the circle ; then 
through these points m, it, &c., and per- 
pendicular to these radii, draw the sides 
of the polygon. 

EXAMPLE. 

Let the radius of the given circle be ^^v^ feet; then, having 
scribed a regular pentagon round it, the side of the figure 
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will be found = 7 feet 3 J inches. If the figure to be described 
round the same circle be a regular hexagon, its side will be 
found = 5 feet 9^- inches : and so on for any other regular 
polygons. 

Problem XXV. 

To find the centre of a given 'polygon^ or the centre of its in" 
scribed or circumscribed circle. 

Bisect any two sides with the per-, 
pendiculars m o, no, and their intersec- 
tion will be the centre; then with the 
centre o, and the distance o m, describe 
the inscribed circle ; or with the distance 
to one of the angles as A, describe the 
circumscribing circle. 

Problem XXVI. 

In any given triangle to inscribe a circle. 

Bisect any of two of the angles with 
the lines A o, B o ; and o will be the 
centre of the circle ; then with the 
centre o^ and radius the nearest dis- 
tance to any one of the sides, describe 
the circle. A 

EXAMPLE. 

Let the sides of the given triangle be 5, 4, and 3 feet ; then, 
having inscribed a circle therein^ its radius will be found =: 
1 foot. 

Problem XXVII. 
About a given triangle to circumscribe a circle. 

Bisect any of the two sides A B, B C, C 

with the perpendiculars m o, no,; with 
the centre o, and distance to any one of 
the angles, describe the circle. 

example. 

Let the sides of the given triangle be 
15, 14, and 13 feet ; then having de- 
scribed a circle about it, the radius will * 
be found = 8 feet 1^ inches. 

Problem XXVIII. 

In, or about, a given square to describe a circle. 

Draw the two diagonals of the square^ and their inter- 
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section o will be the centre of both the 

circles : then with that centre, and the 

nearest distance to one side, describe the 

inner circle, and with the distance to one 
angle, describe the outer circle. 

EXAMPLE. 

Let the side oi the given square be 3 feet : then, having de- 
scribed circles in and about it, the radius of the former will be 
found = H feet, and that of the latter = 2 feet 1-| inches 
nearly. 

Problem XXIX. 
In, or abauty a given circle^ to describe a square or an octagon. 

Draw two diameters A B, CD, perpen- 
dicular to each other; then connect their 
extremities, and that will give the inscribed 
square A C D B. Also through their ex- 
tremities draw tangents parallel to them, and 
thej will form the outer square m nop. 

NoTB. If any quadrant, as A C, be bisected in q, it will give one-eighth of 
the circnmference, or the tide of the octagon. 

Problem XXX. 

In a given droit to i$ueribe a triangle, a hexagon, or a dodecagon. 

A The radius of the circle \a the side 

of the hexagon ; therefore from any 
point A in the circumference, with the 
distance of the radius, describe the arc 
B O F : then is A B the side of the 
hexagon ; and therefore carrying it 
six times round will form the hexagon, 
or will divide the circumference into 
six equal parts, each containing 60 
degrees. — ^The second of these, C, will 
give A C the side of the trigon, or equilateral triangle A C £, and 
the arc A C one-third of the circumference, or 120 degrees. — 
Also the half of A B, or X fi, is one-twelfth of the circumference, 
or 30 d^rees, which gives the side of the dodecagon. 

NoTB. If tangents to the drde be drawn through all the angular points of 
any inscribed figure, they will form the sides of a like circumscribing figure, 

EXAMPLE. 

In a drde, the radius of which is 10 feet, inscribe e trigon, a 
^«^xagon, and a dodecagon. — Having measured a side of the 
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several figures, that of the trigon will he found =17 feet 4 
inches, that of the hexagon 10 feet, and that of the dodecagon 
5 feet 2 inches. 

Problem XXXI. 

In a given circle to inscribe a pentagon or a decagon. 

Draw the two diameters A P, m n 
perpendicular to each other, and hisect . 
the radius o n at g ; with the centre q 
and the distance q A, describe the arc 
A r ; and with the centre A, and 
radius A r, describe the arc r B : then 
is A B one-fiflh of the circumference ; 
and A B carried ^^^ times oyer will 
form the pentagon. Also the arc A B 
bisected in 9, will give A s the tenth 
part of the circumference, or the side of the decagon. 

NoTK Tangents being drawn through the angular points will form the- 
circumscribing pentagon or decagon. 

EXAMPLE. 

In a circle, the radius of which is 10 feet, inscribe a pentagon 
and decagon. — Having measured a side of each of the figures, 
that of the pentagon will be found =11 feet 9 inches, and that 
of the decagon = 6 feet 2 inches. 

Problem XXXII. 

To make a triangle similar to a given triangle ABC. 

Make a B equal to the base of the required 
triangle ; through a draw a c parallel to A C : 
then B c is the triangle required. 

example. 

Let A B = 12, A C = 15 and B C = 9 
feet ; and the side a B of the required tri- ^— ^ 
angle = 8 feet. — Then having drawn a c 
parallel to A C, the side ac will be found =10, and B c = 6 feet. 

Problem XXXIII. 

To make a figure similar to any 
other given figure ABODE. 

From any angle A draw diagonals 
to the other angles ; take A 6 a side 
of the figure required ; then draw b e 
parallel to B C, and c d io CD, and 
(/ tf to D E, &c. 
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Problem XXXIV. 

To make a square equal to two given 
squares P and Q. 

Set two sides A B^ B C, of the given 
squares, perpendicular to each other ; 
jom their extremities A C ; so shall the 
square B^ constructed on A C, he equal 
to the two P and Q taken together. 
(Euc. I., 47.) 

Problem XXXV. 

To make a square equal to the difference between two given 
squares, T, R. 

(See the last figure.) 

On the side A C of the greater square, as a diameter, describe 
a semicircle ; in which apply A B the side of the less square ; 
join B C, and it will be the side of a square equal to the differ- 
ence between the two P and R as required. 

Problem XXXVI. 

To make a square equal to the sum of any number of squares 
taken together. 

Draw two indefinite lines A m, A ft, perpendicular to each 
other at the point A. On the one of these set off A B the side 

of one of the given squares, and on the other 
A C the side of another of them ; join B C, 
and it will be the side of a square equal to the 
two together. Then take A D equd to B C, 
and A £ equal to the side of the third given 
square. So shall D £ be the side of a square 
equal to the sum of the three given squares. — 
And so on continually, always setting more sides 
of the given squares on the line A n, and the sides of the suc- 
cessive sums on the other line A m. 

Problem XXXVII. 

To construct a figure resembling an ellipse, by circular ares 
from four centres. 

On a line F /, of convenient length, describe two equilateral 
triangles F P /, ¥ pf; prolong the sides of the triangles; 
join P p, as shown in the figure. With centres P, p and 
radius P "Bl = p h describe the arcs H I, A t, meeting the 
prolonged sides of the triangles, and such that the diameter C D 
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may be equal to the required 
width of the figure ; with 
centimes, F,/ and radius H F 
= I / = &c., describe the 
arcs H A A, I t, and the 
figure will be completed. 



A 




B 




.NoTK. If the longer diameter 
A B be not obtained of the re- 
luired length by the above opera- 
tion, the triangles Y V f,Y pf 
may be titilarged or diminished, 
or made isosceles, till by trials the 
proper dimensions are obtained. — This method of drawing the ellipse ii prae> 
tised by the picture-frame makers. 

Problem XXXYIII. 

To describe a true ellipse. 

Let T R be the trans- 
verse, C O the conjugate, 
and c the centre. With 
the radius T c and centre 
C, describe an arc cutting 
T R'in the points F /; 
which are ' called the two 
foci of the ellipse. 

Assume any point P in 
the transverse ; then with 

the radii P T, P R, and centres F, f, describe two arcs inter- 
secting in I ; which will be a point in the curve of the ellipse. 

And thus, by assuming a number of points P in the trans- 
verse, there will be found as many points in the curve as you 
please. Then, with a steady hand, draw the curve through all 
these points. 

OTHERWISE, WITH A THREAD. 

Take a thread of the length of the transverse, T R, and fasten 
its ends with two pins in the foci F, f. Then stretch the thread, 
and it will reach to I in the curve ; and by moving a pencil 
round, within the thread, keeping it always stretched, it will 
trace out the ellipse. 

Problem XXXIX. 

To describe or construct a parabola. 

y P being an absciss, and P Q its given ordinate ; bisect 
P Q in A, join A V, and draw A B perpendicular to it t 
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then trRnsfer F B to V F and 
V C in the axis produced. So 
■hall F be vhat is called the 

Dravr scTeral double ordioatea 
S R S &c., perpeudicular to V P. 
Then with the radii C B, &q. and 
the centre F, describe arcs cut* 
dug the corresponding ordlnates 
in the points S &c. Then draw 
the curve through all the points 



Froblkh XI.. 
To eonilnet or dtteribe an hyperbola. 

Let D be the centre of the 
hyperbola, or tlie middle of 
the triinaTerse A B ; and B C 
perpendicular to A B, and 
equal to half the conjugate. 

With centre D, and radius 
D C, describe an arc, meet- 
ing A B produced in F and/, 
which are the two focus points 
of the hyperbola. 
Then assuming severat points E in the transverse produced, 
with the radii A E, B E, and the centres /, F, describe arcs 
intersecting in the several points G ; through all which points 
draw the hyperbolic curve. 




GEOMETRICAL THEOREMS. 
(Neeeitary to be known by Beginner:) 



Anglei vertically oppoeite are egval^ — 
thus the angle A G £ = angle HOB, 
and E G B = A G H. (Euo. I. 15.) 



(See last figure.) 
A r^hi line E F tniling two parallel r^kl linen A B, C D. 
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fnakes the alternate angles equal, ^c. : thus the angles A 6 H, 
G H D are equal ; also the exterior angle £ G B is equal to the 
interior and opposite 6 H D. (£uc. I. 29.) 

Theorem III. 

The greatest side of every triangle is opposite the greatest 
angle. (Euc. I. 18.) 

Theorem IV. 

Let the side A B o/ the triangle ABC be 
produced to D, the exterior angle C B D 
is equal to the interior angles at A and C ; 
-jv also the three interior angles of the triangle 
" are epml to two right angles, (Euc. I. 32.) 

Whence any two angles of a triangle being given the third be- 
comes knDwn. 

Theorem V* 
{See figure to Definition 11.) 

Let A B C be a right angled triangle, having a right angle at 
B ; then, the square on the side AC is equal to the sum of the 
square on the sides A B, B C. (Euc. I. 47.) Whence any two 
sides of a right angled triangle being given the third becomes 
known. 

4 

Theorem VI. 

In any triangle A B C, let D £ be 
drawn parallel to one of its sides, C B ; 
then, ABistoAEasCBistoBE; 
and the triangles are said to be similar. 
(Euc. VI. 2.) 

Theorem YII. 

(See last figure,) 

Let A B C, A E D be similar triangles ; then, the triangle 
ABCisto th£ triangle AED as the square of A Bis to the square 
of AE: that is, similar triangles are to one another in the 
duplicate ratio of their homologous sides. (Euc. VI. 19.) 

Theorem VIII. 

All similar figures are to one another as the squares of their 
homologous, or Hke, sides. (Euc. VI. 20.) 

Theorem IX. 

^ All similar solids are to one another as the cubes of their hke 
linear dimensions. (Euc, VI. 24.) 
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EXPLANATION OP THE PRINCIPAL MATHBMATIGAI^ 
CHARACTERS USED IN THIS WORK. 

The sign for equality = is read "eqaal ;*' thus, 12 inches =^ 
1 foot. 

The sign for addition + is read "plus or more ;'* thus^ 2 + 3 

The sign for subtraction — is read " mintis or less;" thus, 
& — 2 = 3, a — 6, &c. 

The sign for multiplication x is read " into ;'* thus, 5x3 
= 15« a X b, or a b, &c. 

The sign for division -•- is read "by;" thus, 15 -1-3 = 5, or 

Y= 5, or -, &c. 

The signs for proportion, as : : : : " as, is to, so is, to ;" 
thus as 2 : 5 : : 8 : 20, or as a : 5 : : c : cf, the fourth 
number being found by multiplying the second by the third, 

and dividing by the first, or — ^— = 20, and — = d. 

The sign ( ), or < >,or »,is called a vinculum or brace: 

thus,(5 + 4) X 2 = 9 X 2 = 18, or 5 + 41 2 = 18, (a -f b) 
X c, or a -f * 1 c, &c. 

The signs *, ', &c., placed above a quantity, represent re- 
spectively the square, cu be, &c., of that quantity ; thus, 5* = 

5x5= 25, 58 = 125, 34-41 « = 7^ = 49, 4 (5 -f 3)2 = 
4 X 8^ = 256 ; and a^ and tfi represent the square and cube 
of a, also (a + b)^ a^ signifies that the square of the sum of a 
and b is to be multiplied by the cube of c, &c. 

The sign V or \/ placed before a quantity, or \ placed above, 
represents the square root of that quantity ; thus, \/36 = 6, 

s/9 X 16 = 12, and \/« x b or s/ ab signifies the square 
root of the product of a and 6, &c. 

8 

The sign V placed before a quantity, or \ placed abov<% it, 
denotes the cube root of that quantity ; thus, 

V" 12 X 2 X 3 - 8, or -^(12 x 2x3—8) = Vn -8 = 
5/ 64 = 4, ^ e { (fl + 6)* — c rf} denotes the cube root of the 
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difference of the square of the snm of a aixl h and the product 
of c and d mtdtiplied into e. Also^ the value of 

a : 

v'^ * {(^ + ^y — ^ ^}* when « = 2, 5 = 7, c = 5, J = 9, and 
« = 6 is C^6 {(2 + 7)2 — 5 X 9} =* ^6 (81 - 45) = 
Vfi X 36 = ^216 = 6. 



PART 11. 

MENSURATION OF LINES. 

The Mensuration of Lines is appHed to find the lengths of 
straight or curved lines, from the given lengths of other lines^ 
on which these straight or curved lines depend. 





TABLE 


OF LINEAL MEASURE. 


Inches. 


Feet. 






12 


1 


Yards. 




36 


•3 


1 










Poles. 




198 


16i 


5i 


1 


Furlongs. 


7920 


660 


220 


40 


1 


63360 


5280 


1760 


320 


8 



Mile. 
1 



733 = 7.92 inches = 1 link. 



TT 



22 yards = 4 poles = 1 chain of 1 00 links. 
69^^ English miles = 60 geographical miles = 1 degree. 

Problem I. 

To find one side of a right aingled Mangle^ having the other 
two sides given. 

The square of the hjpothenuse is equal to hoth the squares of 
the two legs. (Euc. I. 47.) Therefore, 

Rule I. — To find the hypothenuse; add the squares of the 
two legs together, and extract the square root of the sum. 

Rule II. — To find one leg ; subtract the square of the other 
leg from the square of the hypothenuse, and extract the square 
root of the difference. 
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Let A B C be a triangle, right angled at B ; 
then by Theorem V. page 17, we shall have 
the following 

FORMULJB. 

Put the base A B = 6, the perpendicular B C 
= p, and the hypothenuse A C = h; then 

kz= V~^^^,b = V h^ — p\ and p = V^— **• 

EXAMPLE. 

1 . Required the hypothenuse of a right angled triangle, the 
base of which is 40 and the perpendicular 30 feet. 

By Rule I. * By first Formula. 

40 30 V40» -h 302 = 50 = A C. 

40 30 



1600 900 
900 



2500 (50 = hypothenuse A C, 
25 



00 

NoTB. The student ought to solve this and all the following examples by 
geometrical construction, as in Problems XI. and XII., Part I. — Thus : make 
A B a 40 feet ; draw B C « 30 feet perpendicular to A B, and join A C ; 
then A C, being measuredl will be found to be 50 feet. 

The construction of example 2, will be as follows. Make A B «> 56 feet, 
and perpendicular thereto draw B C indefinitely ; take A C » 65 in the com- 
passes, and with one foot on A apply the other foot to C ; then B C, being 
measured will be found to be 33 feet. 

Remark, The triangle ABC, being for the purpose of illustrating the Pro- 
blem generally, is not drawn to correspond to any of the dimensions given in 
the examples. 

2. What is the perpendicular of a right angled triangle^ whose 
base A B is 56, and the hypothenuse A C 65 feet? 
56 65 

56 65 



336 
280 

8136 



325 
390 

4225 
3136 



1089 (33 feet = perpendicular B C. 
9 



63) 189 
189 
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3. A ladder is to be placed so as to reach the top of a wall 
33} feet high, and the foot of the ladder cannot be placed nearer 
the wall than 18 feet; what must be the length of the ladder? 

Ana, ^S^feet. 

4. The side of a square is 100 yards ; what is the length of 
its diagonal? Ana. lAl'A yards. 

5. A line of 320 feet will reach from the top of a precipice, 
standing close by the side of a river, to the water line of the 
opposite bank : required the breadth of the river ; the height of 
the precipice being 103 feet above water level. Am. 302*97 feet. 

6. A ladder of 50 feet long being placed in a street, reached 
a window 28 feet from the ground on one side ; and by turning 
the ladder over, without removing the foot out of its place, it 
touched a moulding 36 feet high on the other side : required the 
breadth of the street. Ana. 7^'\2Zfeet. 

7. The width of a house is 48 feet, and the height of ridge 
above the side walls 10 feet ; required the length of one of the 
rafters. 

In the annexed figure A B is the 
width of the house, or length of 
the tie-beam of the rafters A C, 
B C ; and CD the height of the 
ridge or length of the king-post ; 
and since D is the middle point of 
A B, we shall have A D = | AB 
= 24 feet. Whence by the first formula ; 

AC= v/AD^-f CD2= V242-I- 102 = V6r6= 26 feet, 
the required length of one of the rafters. 

8. Required the he^ht of an equilateral triangle, the side of 
i»hich is 10 feet. ^ Ana, ^ feet 8 in, nearly, 

9. The base of an isosceles triangle is 25 feet, and its two sides 
are each 32^ feet; required the perpendicular. Ana. SO feet. 

10. The diagonal of a square is 10 yards, required the length 
of one of its sides. Ana, 7 yda, Ofeet 2\ in. 

11. A ladder, standing upright against a wall 100 feet high» 
was pulled out at the foot 10 feet from the wall ; how fdr did the 
top of the ladder fall ? Ana 6 inchea nearly* 

12. The upright axle of the horse-wheel of a thrashing 
machine is placed with its centre 3^ yards from a wall ; but the 
shafts of the axle are 5 yards in length, measured from the cen- 
tre : how much of the wall must be removed to admit it to revolve f 

Ana. 7 yda, ft, o in. 
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Problem II. 

Hamng given any two of the dimennons of the figure ABC^ 
and one of the corresponding dimensions of a similar figure ab c^to 
find the other corresponding dimension of the last figure. 



Rule.— Let ABC, 
a b c he two similar 
triangles, then by The- 
orem VI., page 1 7. 




AB :BC :: ab i h e. Ot, ah: a o : : AB : A.C» 
The saine proportion holds with respect to the similar lineal 
parts of any other similar figures, whether plane or solid. 

EXAMPLES. 

I . The shadow of a cane 4 feet long, set perpendicularly, is 
5 feet, at the same time that the shadow of a lofty tree was 
found to be 83 feet; required the height of the tree, both 
shadows being on level ground. 

Let 6 e be the cane, and B C the tree, their shadows being 
respectively represented hj a b' and A B : the upper extremities 
of the cane and tree being joined with the extremities of their 
shadows, giving the parallel lines a c, A C for the directions of 
the sun's rays, and thus constituting similar triangles a be, 
ABC: whence ab i be : : AB : BC, 
that is 5 : 4 : : 83 : 

4 



66| 



5)332 



66|feet = BC, the height 
of the tree. 

2. The side of a square is 5 feet, and its diagonal 7*071 feet, 
what will be the side of a square, the diagonal of which is 4 feet. { 

Ans. 2 ft. 10 in. nearly', 

3. In the groimd plan of a building 120 feet long and 50 
broad, the length, as laid down, is 10 inches ; what must be its 
breadth 7 Ans. 4^ inches, 

4. The scale of the Ordnance survey of Ireland is 6 inches to 
1 mile, what length of paper will be sufficient for the map of that 
country, its length being 300 miles ? Ans. 50 yards. 




MENSURATION OF LINX8. 23 

5. The length of the shadow of the Monument (London) ia 
loH feet, while the shadow of a post 4 feet high^ is 3 feet ; 
required the height of the Monument. Ans. 202 feet. 

Problem III. 

The two aides and the base of a tnangle (A B C) are given to 
^nd the perpendicular (CD). 

Rule. — The segments of the hase AD, DE must he first 
found. Let B C he the greater of the two sides, then B. D will 

he the greater of the two seg- 
ments. Then, as the hase AB 
is to the sum of the sides B C + 
CA, so is the difference of the 
sides B C — C A to the difference 
of the segments of the hase B D 
— DA. Half this difference, 
being added to and suhtracted from half the hase A B, will give 
respectively the segments B D, DA; though only one of the seg- 
ments is required to he found. Now, either of the sides and its 
adjacent segment constitute a right angled triangle, whence the 
perpendicular C D may be found hy Rule II., Prob. I. 

Formulae. 

Put AB =a, BC = 6 and C A = c ; then from the prc^r- 
tion in the Rule 

B D — DA = *!jI1^ ; whence 

a 

B D = i/^a + *in^y and 

EXAMPLES. 

I. The three sides of a triangle are 42, 40, and 26 feet; re- 
quired the perpendicular on the longest side. 

By the Rule 

AB : BC + CA :: BC — CA : B D — D A, that is, 
42 : QQ : I 14 : 22, and 

i (42 — 22) = 10 feet = AD 
Or by the last Formula 

DA=i(42-lg^-^)=IQfeet, 

andCD = >^C« — DA»= ^26*— 10" = 24 feet, 
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2. The base of a triangle is 30,. and the two sides 25 and 35\ 
required the perpendicular. Ans. 24/eet 6 m. nearly. 

3. A house 21 feet in width, has a roof with unequal slopes, 
the lengths of which, from the eaves to the ridge, are 20 and 13 
feet ; required the height of the ridge above the eaves. 

Am. 12 feet. 

NoTB. All the preceding examples may be readily solved by constructioii, 
by first laying down the triangles, as in Prob. YL, Praeticai Geometry, and 
then letting fall the perpendicular, as in Prob. V. 

Problem IV. 

The iide AB qfa regular polygon being given to find the radu 
O C and O A o/its inecribed and circumscribed circles. 

Rule. — Multiply the side of the polygon by the number op- 
posite its name in the following Table, in the column headed 
*'Rad. Inscribed Circle," or in that headed ''Rad. Circumsc. 
Circle,'' accordingly as the one or the other radius may be re- 
quired. 

FORMULiB. 

Let r and R be the radii of the in- 
scribed and circumscribed circles respec- 
tively, q and p their respective tabular 
radii, and / = side of the polygon ; 

then r = lq, and 'Ei = Ip; also 

/= -1 = ^. 




TABLE OF POLYGONS. 



No. 

of 
Sides. 



3 
4 
5 
6 
7 
8 
9 

10 
II 
12 



Name. 



Trigon or equi-triangle 
Tetragon or square 
Pentagon • 
Hexagon . 
Heptagon . 
Octagon 
Nonangon • 
Decagon • 
Undecagon 
Dodecagon 



Rad. 


Rad. 




Inscribed 


Circums. 


Area. 


Circle. 


Circle. 




•2887 


•5773* 


-4330 


•5000 


•7071 


1-0000 


•6882 


•8506 


1-7205 


•8660 


1-0000 


2-5981 


1-0383 


11524 


3-6339 


1^2071 


1-3066 


4-8284 


1-3737 


1-4619 


6-1818 


1-5388 


1-6180 


7-6942 


1-7028 


1-7747 


9-3656 


1-8660 


1-9319 


11-1962 
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EXAMPLES. 

1. The side of a regular pentagon is 5 feet 1 inch, what are 
the radii of its circnmscribed and inscribed circles ? 

Ans, \fL 4 in.y and Sfi. 6 in. nearly. 

2. The side of an octagonal grass plot is 203^ yards, and fonr 
walks are made therein, joining the middle of each of the oppo- 
site sides ; required the united length of the four walks. 

Ans. 1965*1588 yardi. 

3. A circular grass plot of 50 yards diameter is to be com- 
passed by a regular octagonal iron paling, and the eight spaces 
between the grass plot and the paling to be planted with shrubs; 
required the whole length of the paling, and the greatest width 
of each of the eight spaces, i Circumference, 157*08 yards. 

Ans. I Length of paling, 165*686 yards. 
\ Greatest space, 2*06 yards. 

Pboblek V. 
To find the diameter and circumference of a circle, the one 
from the other. 

Bulb I. — As 7 is to 22, so is the diameter to the circum- 
ference. 

As 22 is to 7, so is the circumference to the diameter. 

Rule II. — As 1 is to 3*1416, so is the diameter to the cir- 
cumference. 

As 3*1416 is to 1, so is the circumference to the diameter. 

FORMULJB. 

Let d = diameter, c = circumference, and ir = 3*1416 ;* then 

c 

c = </ ir, and d = — , 

IT 
EXAMPLES. 

1. To find the circumference of a circle, whose diameter is 10. 
By Rule 1. 
7 : 22 : : 10 : 31f 

10 Bf lA 




7) 220 
31* 
or 31-42857 ^n* 

* The true circumference of a circle, the diameter of which is unity, is 
3'14159265358979, &c. This number has been determined by Machin to 100 
places of decimals, by others to still more ; but these results are more curious 
than useful, since the first four or five decimals are quite sufficient for all 
practical purposes. 
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By Rale II. or first Formula e == d v =^ Sl'416, which 19 
aearer the truth. 

2. To find the diameter when the circumference is 50 feet. 

By Rule I. 

7 X 25 175 
22 : 7 : 2 50 : — jj — = "71=' ^^^ =159090 Am. 

e 

Bv Rule II. or second Formula 1/3= - = 15*9154 feet. 

«■ 

3. If the diameter of the earth he 7958 miles, as it is very 
nearly, what is the circumference, supposing it to he exactly 
round? Jiu. 25000*8528 miles, 

4. To find the diameter of the glohe of the earth, supposing 
its circumfereuce to he 25000 miles. Jns. 7957} nearly, 

5. Required the diameter of a coach wheel, that turns round 
600 times in traveUing a mile. Ans. 3 ft. 4*32 in, 

6. The driving wheel of a locomotive engine is 6 feet in 
diameter, how often does it turn in a second, when travelling at 
the rate of 60 miles in an hour ? Ans. 4| times nearly. 

Problem YI. 

The chord (B £) and the height or versed sine (C D) 0/ an 
are (B C £) of a circle being given to find the diameter (A C) 
and the chord of half the arc (B C). 

Rule. — Divide the square of half the chord B £, hy the 
height C D ; to the Quotient add G D, and the sum will be the 
diameter A C ; half or which is the radius B O or C O. 

The chord B C of half the arc is found by Prob. I. 

FORMULA. 

Put C = ^ chord of the whole arc = 
"^ iBE = BD, c = chord of J the arc = 
\ B C, r = height or versed sine = C D. 
\ K and d = diameter AC; then . 

Also d =-(3),r=-j^ (4), e=^y/d9 (5). 

EXAMPLE* 

The chord of an arc is 48 feet, and its height 18 ; required the 
diameter of the circle of which the are is a part. 
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By the Rule 24 = iBE=:BD 

24 



C D = 18) 576 



32 

18 = CD 



50 feet = A C. 
whence the radius B = 25 feet. 

2. The span (chord) of the iron arch of Sunderland bridge 
is 240 feet, and the rise (height) of the crowns of the arch 
34 feet : with what radius was the arch drawn ? 

By Formula (1). 

10Q2 

The diameter = 1- 34 = 457-^3 feet. 

34 

■whence the required radius = 457*53 -f- 2 = 228*765 r= 228 
feet 9 inches. 

3. On a parliamentary map of 4 chains to an inch, the chord of 
a railway curve measured 40 inches, and its height 5 inches, re- 
quired the radius of the curve hoth on the map and on the ground. 

203 
The diameter = -t~ + 5 = 85 inches, whence 

the radius = 85 -t- 2 = 42^ inches on the map. 

And, since the scale of the map is 4 chains to an inch, we 
shall have42i X 4 = 170 chains == 2\ miles, the radius of the 
curve on the ground. 

4. The chord of the whole arc is 48 feet, and its height 7 ; 
required the chord of half the arc. 

By Formulce (2). 

e = ^i? + v^ = y/24» + 7» = 25 feet, the required chord. 

5. The chord of half the arc of a hridge is 24 feet, and the 
rise of the crown of the arc 16 feet; required the radius of the 
circle of which the arch is a part. 

An8, By formula (3) the diameter is found = 36 feet, whence 
the required radius is 18 feet. 

6. A circular grass plot of 100 yards diameter is cut by a walk 
through the centre, this walk is cut at right angles by another 
walk through the middle of the radius ; required the length of 
the last named walk. 

By transposing formula (1) C = y v {d-^-v) = ^25 (100—25) 
= 43*3 yards the double of which is the length of the walk. — 
The same result may be obtained from the right angled tri- 
.%ngle B D O. 
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7. The rise of the circular arch of a bridge is 12 feet and the 
radius of the whole circle is 100 feet, required the distance 
from the spring of the arch to the crown^ viz., the chord of 
half the arch. dns, 49 feet nearly. 

Problem VII. 

To find the length of any arc of a circle. 
Case 1. — When the degrees in the arc and the radius are given. 
Rule I. — As 180° is to the number of degrees in the arc, so 
is 3*1416 times the radius to its length. 

Case II. — When the chord of half and the whole arc are given. 

BuLE II. — From 8 times the chord of half the arc subtract 
the chord of the whole arc, and take -^. of the remainder for the 
length of the arc nearly. 

FORMULA. (See last figure.) 

Put r = radius B O, A— 180°, ^ = degrees in the arc B E, 
and IT := 3*1416, and I = length of the arc ; then 

rd IT . I A 

1 = — — •, and r = T— 
A on 

EXAMPLES. 

1. To find the length of an arc of 30 degrees, the radius being 
9 feet. 
By Rule I. 31416 

9 



180 : 30 : ! 282744 : 4*7124 feet. 

« . T. , , 9x30x3*1416 3x3*1416 ^ ^_^ 
By first Formula / = ^~\sq = 2 ==4*7124 

2. The length of the arc of a circle of 30 degrees is 9 feet 
5 inches, required its radius. 

Ans. By the second formula, 18 feet nearly. 

3. The chord B E of the whole arc being 4*65374 feet, and 
the chord B C of the half arc 2*34947 ; required the length of 
the arc. 

By Rule II. 2*34947 

8 



18*79576 
4*65374 

3)14*14202 

Ans. 4'1l400feet. 
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3. Required the length of an arc of 12 degrees 10 minutes, or 
12-}- degrees, the radius being 10 feet. 

By Rule I., 2.1234 ft^t, Ans. 

4. Required the length of the iron arch, in example 2, 
Prob. VI. 

First, the chord of i the arch, or distance from spring to 
crown, by Formula 2, Prob. VI., will be found 124*724 feet. 
Whence, by Rule II. of this Problem, we shall have the re- 
quired length of the arch = 252 feet 7 inches. 

5. Find the length of one of the arcs of the six equal seg- 
ments of an iron girder, the whole span of the arch being 120 
feet, and the radius 180. Ans, 20 feet 4*67 inches. 

Rule III. is not sufficiently accurate for finding the length of 
the arc, when it is greater than i of the circumference of the 
circle : in such cases, (see figure to Prob. VI.) the chord of i 
of the arc B C £ = chord of i the arc B C (not shown in the 
figure) must be found by the formula. 



Chord of i of arc B C E = V i ^ (<^ — V <^ — «*). 

in which d and c are the same as in Prob. VI. ; after which Rule 
II. may be applied with sufficient accuracy to find the length 
of the ^ arc B C, which, being doubled, will ^ve the whole 
length B C £. 

6. Required the length of a circular iron girder, the span 
(B £) of which is 48 feet, and the rise (C D) at the crpim 
18 feet. 

By Formulee 1 and 2, Problem VI., d^AC is found = 50 
feet, and c = B C = 30 ; whence, b y the formula just giv en, 

the chord of i of arc B C E = a/ 25 (50— V 502—302) =s 
15-8113, and by Rule II., (15-8113 x 8— 30) -*- 3 = 321635 
feet = arc B C, the double of which is 643270 feet = the re- 
quired length of the arch B C £. But by using Rule II., 
without the above formula, the length of the arch is found to 
be 64 feet, or nearly 4 inches short of its more accurate length, 
as previously found. 

Note. The tme method of finding the length of an arc of a circle is to find 
tbe natural sine of the angle BOD (figure to Prob. VI.) and its corresponding 
number of degrees, minutes, &c., which, being doubled, give the angular mea- 
sure of the whole arc B C E ; whence the length of the arc may be accurately 
found by Rule I. But the first part of this operation is the province of Tri* 
gonometry ; moreover, sufficient accuracy for all pActical purposes may be 
obtained by Rule II. for arcs less than a quadrant; and like accuracy may -be 
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secured by meant of the formula used in Example 6, in cases where the arc 
approaches near to a semicircle. 

Remark. — ^When the arc is greater than a semicircle, the remaining part of 
the circumference must be found by Rule XL, with the help of the formula 
nsed in Example 6, if necessary. This remark does not apply to cases where 
the degrees of the arc are given, which are solved by Rule I. 

Problem YIIL 

To find the diameter of a circular eone, its two parallel chords 
A B^ C D^ and its breadth £ F, betnff given. 

1^ This and the following Problems 

may be omitted by the student^ as not 
being much required in practice, 

FORMULAS. 

Let G and c be the half chords 
CF and A£ respectivelj, b the 
breadth £ F, and d the diameter 
K L = twice radius O B ; then 

d= V {«» + 2 (c» + c») + (^^yy 

Also AC = BD = -/(jj , Q _ A and 

GH=irf-iv{(c + c)» +(^^y}. 

EXAMPLES. 

1 . The parallel sides of a circular zone are 6 and 8 feet, and 
its breadth 7 feet ; required the diameter of the circle. 

By the first Formuloe the diameter 

i - ^ /;« + 2 (4« + 3«) + (tsr^VX « ^49 + 50 + 1 - 10 ft. 

2. Find the chord B D and the height G H of the zone in 
the preceding £xample. 

Here, the diameter d is first found, as above; then by the 
second and third Formulae, 

BD-V(7' + 4 — 3)= -/49 + 1 - 7-07 feet, and 
GH = i 10— i -/{(4 + 3)2 + ^—^VX^b — ^ ^49 + 1- l'465ft. 

3. The parallel chords of a zone are the same as in the £x- 
ftmple 1, and its breadth 1 foot ; required the diameter. 

Ans. 10 feet. 
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NoTS. In this example the two chords are both on the same side of the 
eentre of the circle. 

4. The two parallel chords of a circular zone are 16 and 12 
feet, and the diameter of the circle 20 feet ; required the breadth 
of the zone. Ans, 14 /set 

NoTB 1. The breadth of the tone is found by adding the square root 
of the difference of the squares of the rad. and half the greater chord to 
the square root of the d ifference o f th e squares of the rad. and half the 
less chord ; that is :— VlO» — 8» + ^10^ — 6« = 14 

Note 2. When the chord B D» A C, and the height G H have been found, 
the lengths of the equal arcs A C, B D are found by the Prob. VII. 

Problem IX. 

In an ellipse are given any three of the four following parts to 
find the fourth^ viz, the transverse axis T B, the conjugate axis. 
C 0> the abscissa H Q, and tfie ordinate P Q. 

FORMULA. 

Pnt a r-z semitransverse = H R> 5 = semiconjugate = C H. 
X =z abscissa = H Q, and y = ordinate = P Q ; then 

a b 

b a 
a = — ^ and 5 ^?= 

Also the focal distance from 
the centre. 

EXAMPLfiS. 

1. The transverse axis is 30, the conjugate 20, and the 
abscissa 3 feet. 

By the second formula, 

P Q = y = 1^ V 1^* — 3a = 9-798 feet. 

2. The transverse T R = 70 feet, the conjugate C 6 =» 50, 
and the ordinate P.Q ^^ 20 ; required the abscissa H Q. 

Ans. By the first formula, H Q := 2\feet. 

3. The transverse is 180 inches, the ordinate 16, and the 
abscissa 54 ; required the conjugate. 

Ans, By the fourth formula, the conjugate = 40 inches. 

4. If the conjueate be 50 feet, the ordinate 20, and the 
abscissa 21 ; what is the transverse? 

Ans. By the third formula, the transverse =» 7Qfetlt. 
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5. The transyerse T B = 100 yards, and the conjugate C O 
s= 60; required the distance of the foci F,/ from the centre H. 

Ana, By the last formula, H F = H/= 40 yards. 

6. The ratio of the major and minor axes of the earth's 
orbit is as 1 to n, the former being about 190,000,000 milea 
c= 2 a. How much is the earth nearer to the sun in winter than 
in summer ? 

Ana, The distance here required is twice the focal distance 
from the centre of the earth's elhptical orbit, which, by the last 
formula is found to be 2 a /^/fZI^. 

7. Bequired the distance of the foci of an elliptical section, 
passing through the poles of the earth, the earth* s axes being 
7926 and 7899 miles. 

An8. 654 miles, or 327 miles each from the eartKs centre. 

Problem X. 

The axes of an ellipse are given to find its circumference, 

BuLE I. — Multiply half the sum of the two axes by 3' 1416, 
and the product wiu give an approximate length of the circum- 
ference, which will be found near enough for most practical 
purposes, 

BuLE II. — To half the sum of the two axes add the square 
root of half the sum of their squares, and multiply half the sum 
by 3*1416 for the circumference very nearly, 

FORMULJB (see last figure). 

Let 2 a and 2 b represent the axes, as in the last problem, 
and ir = 3*1416; then, 

Circumf. = ir (a + 6), or = i jr (« + 6 "+ V i («* + *^)). 

EXAMPLES. 

1. The axes of an ellipse are 15 and 10 feet ; required the cir- 
cumference by Bule I. 

Ans, 39 feet 3^ Inches, 

2. The axes being the same as in the last example ; required 
the circumference by Bule II. 

Ans, ^9 feet 7 inches nearly, 

3. Find the meridional circumference of the earth, the axer> 
being as given in the last example of Prob. IX. 

Ans. 24,858 miles nearly. 
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Problem XI. 

In a parabola I Y H, the focus of which » F, any two of ih» 
three following parts, viz., the parameter PQ, the abscissa V G» 
and the ordinate G H being given, to find the third part. 

FORMULAS. V 

Put P Q = parameter =p, V G =• 
abscissa == x, and Q H = ordinate ss y ; 
then 

* ==- , y = Vp X, and|> =r?C 

EXAMPLES. 

1 . The parameter P Q of a parabola is 50> and its ordinate 
6 H = 60 feet; required the abscissa V G. y* 60' 

Ans. By the first formula « zz^ -—^ = 72. 

2. The parameter of a parabola is 10^ and its ordinate 4; 
required the abscissa. Ans. 1*6. 

3. The abscissa of a parabola is A, and its corresponding 
ordinate 10 ; required the parameter. Ans. 25. 

Problem XII. 

To find the length of the arc of a parabola, its ordinate and 
abscissa being given. (See last figure.) 



then 



. FORMULA. 

Let 9 and y represent the same parts, as in the last Problem';. 
The i arc V H ^ V4 ar« + y2 nearly. 



examples. 

1 . Required the half arc V Q of a parabola, V F being = 3 ' 
feet, and F Q = 6. 

Ans. V Q = V^ 3' + 6« = 6 feet 11| inches. 

2. The abscissa is 2, and the ordmate 6 ; required the* length 
of the half arc of the parabola. Ans. 6*4291. 

NoTB. 1. The parabola is the path of projectiles m vneuo; it is also used 
in the astronomical theory of comets. 

Kon 2. The atadent iiho wishes for further information oonceming this 
ecore, as well as concerning the ellipse and hyperbola, may oonault the various 
works on eonie «M«tofM.-~(Soe Hann's Anafytical Geometry, in Weale'sSenes.) 
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PART III. 

MENSURATION OP SUPERFICIES OR SURFACES. 

The area of any surface is estimated by the number of squares 
in that surface, without regard to its thickness ; the side of those 
squares being one inch, one foot, one yard, &c. Hence the area is 
said to be so many square inches, or square feet, or square yards, &c» 

A TABLE OF SQUARE MEASURE. 



8q. Inchei . 


Sq. Feet. 










144 


1 


Sq. Tarda., 


1,296 


9 


1 


1 




. 




Sq. Poles. 




89,204 


272i 


m 


1 












Sq. Rods. 






1,089 


1,210 


40 


1 


Acres. 




43,560 


4,840 


160 


4 


1 


^* 




3,097,600 


102,400 


2,560 


640 



Sq.Mfle. 
1 

Problem I. 

To find the area of a parallelogram ; whether it he a square, 
a rectangle, a rhombus, or a rhomboid. 

Rule. — Multiply the length by the breadth or perpendicular 
height, and the product will be the area. 

FORMULJS. 

Let / s=r length of the figure, 6 =s 
its breadth, and A ss its area {which 
also represents the areas in aU the 
following Problems); then 

A A 

A s=i Ibf also / =a ' — 9 and b = — . 

b I 

When the figure is a square, then 
the length is equal to the breadth, 
which put =sssB side of the square ; 
then 

A = «^, and « s= /^ A. 

EXAMPLES. 

1. The length of a rectangular board is 7 feet, and its breadth 
4 feet ; required its area in square feet. (See first figure.) 
By the Kule. 7 x 4 =» 28 square feet, the area required. 
"Hie side of a square is 18 inches; required its area iu 
^t. (See last figure.) 
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18 
18 



r 



144 . 
Il2 



324 



27 



feet, in. 

7 8 
3 10 




23 
6 4 


8 



2^ square feet, the area required. 

3. Find tlie area of a rhombus, the length of which is 6'2 feet» 
and its perpendicukr breadth 5*45. (See second figure.) 

Ans, 33- 79 = 33f square feet nearly. 

4. The length of a table is 7 feet 8 inches, 
and its breadth 3 feet 10 inches ; required its 
area. 

Here the operation is performed by duo- 
decimals, and tne area is found to be 29 square 
feet, 4 inches or 12ths, and 8 parts or yj^ths. 29 4 8 

5. What length must be cut off a rectangular board, the 
breadth of which is 9 inches, to make a square yard? 

A square yard contains 1296 square inches, whence by the 
second formula. 

9)1296 

144 inches =12 feet, the length required. 

6. How many square feet of deal will make a box 6 feet long, 
5 broad, and 2 feet 8 inches deep ? 

Am, 118 square feet 8'. 

7. How. many square yards are contained in a floor 23 feet 
long 14^ feet wide? Ann, S7-^ square yards, 

8. The base of the largest Egyptian pyramid is a square, the 
side of which is 693 fbet; required the number of acres it 
occupies. Ans, 11a. Or. 4p. 

9. A square court yard is 42 feet long, and 23 feet 10^ inches 
broad ; what did it cost paying at 4s. lOd, per sqiiare yard? 

Ans, £26 I8s. 6id. 

10. Required the side of a square, the area of which is 500 
square feet. 

By the fourth formula s ss side of the square ss >/ A, that is 

s » V500 » 22*3607 feet = 22 feet 4\ inches nearly. 

11. What is the side of a square the area of which is an 
acre 7 Ans. 69*6 yards nearly » 

12. A square in a city contains 6j- acres of ground, required 
the side of the square. * Ans, 173*92 yards* 
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Problem II. 

To find the area of a triangle. 

Rule I. — Multiply the base by the perpendicular height^ 
and take half the product for the area. 

Rule II. — ^When the three sides only are given : add the 
three sides altogether, and take half the sum ; from the half 
sum subtract each side separately ; multiply the half sum* and 
the three remainders continually together ; and take the square 
root of the last product for the area of the triangle. 

FORMULiB. 

Let the base A D= 5, and the 
perpendicular C B = « ; then 

A=J5»; also jo=— --, and 6=-.^. 

h p 

When all the three sides of the 
triangle are given, let them be re- 
presented by a, b and c» and their 
half Slim by 8 ; then 




B 



D 



A =s >•«(« — a) (« — h) (9 — c). 

EXAMPLES. 

1. Let the base A D = 42 feet, and the perpendicular CB=33 
feet ; required the area in square yards. 

By Rule I. 42 X 33h-2=693, and 693h-9=77 square yards. 

2. To find the number of square yards in a triangle^ the sides 
of which are 13, 14, and 15 feet. 

By Rule II. 

13 21 

14 6 

15 



2)42 

isum 21 21 21 

13 14 15 

lemainden 8 7 6 



126 
7 

882 
8 



7056(84 square feet, 
64 = 9i «$. yde. Am. 



164)656 
656 
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3. The base of a triangle is 40^ and its p«q)endicQlar 30 feet ; 
requiied the area in square yards. Aiu. 66\s^are yards. 

4. Find the area of a triangle, the three sides of which are 
20, 3Q and 40 feet. Ans. 32*27 square yards. 

5. The base of a triangle is 49 and its height 25} feet, how 
many square yards does it contain ? 

Afis. 68*736 square yards, 

6. The base of a triangle is 18 feet 4 inches, and its height 11 
feet 10 inches ; required the area. Anfi. 108 feet 5' 8". 

7. The hypqthenuse of a right angled triangle is 102)- feet, 
and its base 100 ; required the area in square yards. 

Ans. 125 square yards. 

8. The side of an equilateral triangle is 5*1 feet, required the 
area. Ans. 11-2626 square feet. 

9. The base of a triangle is 121 yards ; required its perpendi* 
cular, when it contains an acre of land. Ans. 80 yards. 

10. The equal sides of an isosceles triangle are each 50 feet, 
and its base 28 ; how many square yards does it contain ? 

Ans. 74| square yards. 

Problem III. 
To find the area of a trapezoid. 

Add together the two parallel sides ; multiply that sum by the 
perpendicular distance between them, and take half the product 
for the area. 

EXAMPLES. 

1. In a trapezoid the parallel Hnes are A B 7'5, and D C 12*25, 
also the perpeudicular distance A P is 15.4 feet; required the 
area. 
^' 12*25 

7'S 



19*75 
15-4 

7900 
9875 
1975 




2)304- 150 
152*075 square feet i Ans» 
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2. How many square feet contidns the plank, whose length is 
12 feet 6 inches^ the breadth at the greater end I foot 8 inches, 
and at the less end 11 inches? Ans, IQ-^/eet. 

3. Required the area or a trapezoid, the parallel sides being 21 
feet 3 inches and 18 feet 6 inches, and the distance between them 
8 feet 5 inches. Ans. 167 square feet, S' 4" 6'". 

Problem IV. 

To find the area of a trapegiuMt 
Case I. — For any trapezium. 

Divide it into two triangles by a diagonal ; then find the areas 
of these triangles, and add them together. 

Or, if two peipendicnlars be let fall on the diagonal, from the 
other two opposite angles, the sum of these perpendiculars being 
multiplied by the diagonal, half the product will be the area of 
the trapezium. 

Case II. — When two opposite angles are supplements of each 
other. 

Add all the four sides together, and take half the sum ; next 
subtract each side separately frOm the half sum ; then multiply 
the four remainders continually together, and take the square root 
of the last product for the area of the trapezium. 

examples. 

1 . To find the area of the trapezium A B C D, the diagonal 
A G being 42, the perpendicular B £ 18, and the perpendicular 
D F 16. 

18 

B 16 

34 Sum 
42 

68 
136 




2)1428 
714 Ans. 

2. In the trapennm A B C D, the side A B is 15, B C 13, 
C D 14, A D 12, and the diagonal A C is 16; required the 
area. 
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AC 16 AC 16 

AB 15 CD 14 

BC 13 AD 12 



2)44 
22 
16 


22 
15 


22 half 8fim 
13 


2)42 
21 
16 


21 
14 


21 half muB 
13 


6 
7 


7 


9 


5 

7 


7 


9 


42 
9 






95 
9 






378 
22 






315 

21 






766 
756 






315 

630 







^8316=91-1921 V6615=8l*3326 

The triangle A B C 91-1921 

The triangle ADC 81-3326 

The trapezium A B C D 172*5247, Ans. 

3. If a trapezium have its opposite angles supplements to each 
other, and have four sides 24, 26, 28, 30 ; required its area. 

By Rule II. the area is 723*989. 

4. How many square yards of paving are in the trapezium^ 
the diagonal of which is 65 feet, and the two perpendiculars let 
fall on it 28 and 38*5 feet? Jns. 240*1888 yards. 

5. What is the area of a trapezium, the south side being 
27*40 chains, east side 35-75 chains, north side 37-55 chains, 
west side 41*05 chains, and the diagonal from south-west to 
north-east 48-35 chains? Ans, 123o. Or. 11.8656p. 

6. What is the area of a trapezium, the diagonal of which is 
108^ feet, and the perpendiculars 65^ and 60f feet? 

Atis, 759^ square yards. 

7. What is the area of a trapezium, the, four sides being 
12, 13, 14, 15? haying its opposite angles supplemental. 

Ans. 180-997. 

8. In the four sided field A B, CD, on account of obstructions 
in the two sides A B C D, and in the perpendiculars B F, D £, 
the following measures only could be taken; namely, the two 
sides B C 265 and A D 220 yards, the diagonal A C 378 yard*^ 
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and the two distances of the perpendiculars from the ends of the 
diagonal, namely A E 100, and G F 70 yards : required the 
area in acres, when 4840 square yards make an acre. 

Ans. 17 a. 2r. 22p. 
9. When A B = 314, B C = 232, C D = 228J, D A « 266J, 
and the diagonal AC = 41 /^ feet ; required the area in square 
yards. Ans. 7072| sfUM^e yardi^ 

Problem V. 

To find the area of an irregtdar polygon. 

Rule. — Draw diagonals dividing the figure into trapennms 
and triangles ; then find the areas of all these separately, and 
add them together for the content of the whole figure. 

EXAMPLES. 



1 . To find the content of the irregular figure ABCDEFGA, 



in which are given the follow- 
ing diagonals and perpendicu- 
lars: namely, 

AC 5-5 

FD 52 

GC 4-4 

Gm 1*3 

Bn 1-8 

Go 1.2 

Ei> 0-8 

D^ 2*3 

3rd 
For triangle GCD. 
4*4 
2-3 




2nd, 
For trapez. GDEF 
1-2 
0-8 



31 
5-6 

1-55 
15-5 



20 
6-2 

10-4 



132 

88 

10-13 



1705 douhleABCG 
10*40 double GDEF 
10-12 double GCD 



2)37*57 double the whole. 



18-785 Ans. 
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2. Required the area of the figure A B C D £ F G, when 
AC= 12, FD = 11, GC = 9i, Gm = 3i, Bn = 4,Go=»2i 
E^ » li, and D 9 = 4i feet. 

Problem VI. 

To find the area of a regular polygon. 

Rule I. — Multiply the sum of the sides or perimeter of the 
polygon by half the perpendicular from its centre to one of its 
sides, and the product will be the area. 

Rule II. — Multiply the square of the side of the polygon by 
the number opposite its name, in the column headed " Areas,'' in 
the Table to Prob. IV., Part II. and the product will be the area. 

FORMULJS. 

Let « = A B s= side of the polygon, 
p = CP perpendicular from the centre 
on A B, n =s number of sides of the po- 
lygon, and a s its tabular area ; then 

A sa \np 8, and A, =s a t^. Also 

A 2A , 2A 
8 =3 v/— = , and 0=: — . 

a np n8 

EXAMPLES. 

1 . Required the area of a regular pentagon, the side A B of 
which is 25 feet, and the perpendicular C P = 17*205. 

By Rule I. 




17-205 
25 X 5 =: 125 1 


=s perim. 


By Rule II. 

1-7205 table area. (p. 24) 
625 - 252 


86025 
34410 
17205 


86025 
34410 
• 103230 


2)2150-625 



feet. 



1075-3125 sq.feet. 1075-3125 8q,feet. Am: 

2. To find the area of the hexagon, the side of which is 20 

Am, 1039*24 square feet. 



3. To find the area of the trigon, or equilateral triangle, the 
side of which is 20 feet. Am. 173-20 square feet. 

4. Required the area of an octagon, the side of which is 20 
feet. Am. 1931-36 square feet. 
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5. What is the area of a decagon, the side of which is 20 
feet? Jiu. 3077-68 square feet. 

6. Required the dde of a decagon, the area of which is 16 
square feet. 

A 

By the third formula^ the side « s=/\/ — j that is, 

•^ • a 

16 
^-Tfioio ^ 1*442 /<?tf^ sa I foot 5'3 inches. Ans. 

7. The fence of an octagonal inclosure, within a square in a 
fotj, cost ^840 at 4s. 8d. per foot ; what will he the cost of the 
gravelling the surface at 10^. per square yard ? 

Ans. £4752. 19s. Hd. 

8. The comers of a square are cut off so as to form an octagon ; 
required the area of the octagon, the side of the square heing 
200 feet. Ans. 3681*8 square yards. 

Problem YIL 

To find the area of a circle when the radius, or half diameter, 
is given. 

Rule I. — Multiply the square of the radius hy 3* 1416 for the 
area. 

To find the area of a circle when the circumference is given. 

BtTLB n. — ^Multiply the square of the circumference hy 
•07968, or divide it by 4 ff. 

Put the radius A C = r, the circum- 
ference ss c, and 3*1416 = vr ; then 

A s= IT r^, and r 5=\/^ ; also 

»r 

Asssj. 8=e |- r c, and e = v'4Air, 
4ir 

EXAMPLES. 

1. Required the area of a circle, the radius of which is 
5 feet. 

By Rule I., or the first formula. 

3-1416 X 5» = 31416 X 25 = 78*64 square feet. 

2. The circumference of a circle is 18*4 feet, what is its area! 

Ans. 26*94 square feet. 

3. A circular pleasure ground is to be laid out to contain 
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exactly an acre^ required the length of the chord with which the 
circle must be traced. 

By the second formula^ the length of the chord, or 

4840 
r ea .y/ 5= 39 J yards very nearly. 

4. How many square yards are in a circle whose diameter is 
Sifeet? An8.V069. 

5. How many square feet does a circle contain, the circumfe- 
rence being 109956 yards? ^«,. 86-5933. 

6. The area of the piston of a steam engine is required to be 
1192 square inches to give it the reauisite power; required the 
interior diameter of the cvlinder, ana its exterior circumference 
the thickness of the metal being one inch. 

J r Interior diameter 39 inehee nearly, 
"*' \ Exterior circumference 10 feet 8} inehee. 

7. The circumference of the circular paling of a plantation was 
found to be 235-}- yards, what is its area? 

Ans. 4402-2892 square yards. 

8. What is the circumference of a circle, the area of which is 
an acre 7 Ans. 246 yards 1 foot 1 0^ inches. 

Problem YIIL 

To find the area of a sector of a circle. 

Rule I. — Multiply the radius, or half the diameter, by half 
the arc of the sector, for the area. Or, multiply the diameter 
by the arc of the sector, and take ^ of the product. 

Kon. The arc may be found By Prob. III. 

Rule II. — As 360 is to the degrees in the arc of a sector, so 
is the whole area of the circle, to the area of the sector. 

NoTB. For a semicircle take one half, for a quadrant, one qaarter, Ac., of 
the whole circle. 

FORMULJS. 

• 4 1 V. J 2A 

A aa — r X arc, and r sa — . 

2 are 

EXAMPLE. 

1. What is the area of the sector C ADB, the radius being 
10, and the chord A B 16 f 
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By Eudid 47, 1 : Eule II., ) JOO = A C^ 
Prob. VII., and Kule I. . j 64 -= AE« 

36(6 = CE 
10 = CD 




4»DE 



16 = DE» 
64 = AE« 



JlJ^ = 80 ( 8-9442719 = A D 

8 



71 •5641762 
16 

8 ) 55-5541752 

2 ) 18-5180584 arc A D B 

9-2590297: = half aro 
10 = radioB 



92*690297 Jm. 

2. Required the area of a sector^ the arc of which contains 96 
degrees, the diameter beiQg 3 feet. 

•7854 = i IT 
9 = 3* 



7*0686 =* area of the whole circle. 
Then by Rule II., 

as 360^ ! 96^ : : 7-0686 
or, as 30° : 8° : : 70686 : 1-88496 square feet Ana. 

3. What is the area of a sector, the radius of which is 10 feet, 
and the arc 20 f Ana. 1 1^ square yards. 

4. Required the area of a sector, the radius of which is 18 
feet, and the. chord of its arc 12 Arts, 110-]^ square feet. 

5. How many square yards are in a sector of 187° 37', the 
radius of the circle being 289 feet ? Ans. 15194 squqre yards, 

6. Required the area of a sector, the radius of which is 25 
feet, and its arc contains 147° 29'. 

Ans. 804-4 square feet nearly, 

7. What is the area of a sector, the chord of the arc of whicJi 
IB 24 feet, and its height 6 ? Ans. 208*572 square feet. 
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8. Required the area of a sector greater than a semicircle, the 
chord of its arc being 12, and its diameter 15 feet. 

An$» 124 J square feet. 

Problem IX. 

To find the area of a segment of a circle. 

• Rule I. — Find the area of a sector having the same arc as the 
segment, by the last problem ; find also the area of the triangle, 
formed by the chord of the segment and the two radii of the 
sector : then the difference of these two areas is the area of the 
segment. See Note 1. 

Rule II. Divide the height or versed sine of the segment by 
the diameter, and find the quotient in the column of versed sines, 
in Table I., at the end of the book. Take out the corresponding 
area, in the next column on the right hand, and multiply by the 
square of the diameter for the area. 

FORMULJS. 

Put r = A E, C = A B, r = C D, C 

p s= E D, / = tabular area, and a = "^i^^IZlI^B 

arc ACB; then /\ TF"/ \ 

NoTB 1. When the segment is greater than \ 1 / 

a semicircle, find the area of the remaining ^v^ j ^y 

segment, and subtract from the whole area of **^^J,.«.«^^ 

the circle for the required area. F 

Note 2. The first rule or formula gives an 

approximate value of the area, not very far from 

the truth ; the second and third are still nearer 

* the truth ; and the last rule or formula may be 

considered as exactly true. 

EXAMPLES. 

1 . Required the area of the segment A C B D A, its chord 
AB being 12, and the radius AE or C E 10 feet. 

First &id C D and A C firom the properties of the figure, and 
the length of the arc AC B by Prob . VII., P art II. ; then fi nd 

the area by Rule I. ; thus D E = V A E^- A D* = ^10^-6^ = 
8, CD = CE —DE= 10-8=2, and AC^V^AD^+CD^^ 
^WIT^ == 6-324556 ; whence 6'324555 ^ ^ ^ ^^ = 

88-6964 . ^Tj ^ V T> 1 T , / 38-5964 

— g — = arc A C B, and by Rule I., J( — ^ — - X 10) — 

^ (12 X 8) = 16-3274 square feet. Am. 

* This formula is due to K Gompertz, Esq., F.K.S. 
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By Rule II. The exam'ple being the same as before, we have 
C D equal to 2 ; and the diameter 20. 

Then 20)2 (-1 

And to •! answers .... •040875 per Table 1. 

Square of diameter. ... 400 

Ans. 16'3500 square feet. 
By the se cond form ula, th e same ex ample being still used, 
A = iv VC^TT^= i V122 + T 22 = 16-3516 square feet, 
which is yery near truth. 

2. What is the area of the segment, the height of which is 2, 
and the chord 20 feet? Jns. 26*87318. 

3. What is the area of the segment, the height of which is 
18, and the diameter of the circle 50 feet? Am. 636*626. 

4. Required the area of the segment, the chord of which is 16, 
the diameter being 20 feet. ' Ana. 447292. 

5. What is. the area of a segment, the arc of which is a sextant, 
tne whole circumference of the circle being 25 feet ? 

Ans. 1 '43 1 2 square feet. 

6. The chord of a segment is 40, and its height 8 feet ? what 
is its area by the third formula? Ans, 219*73 square feet. 

Problem IX. 

To find the area of a circular zone, 

{See figure to Prob. VIII., Part II.) 

Rule. — ^The zone being first divided into a trapezoid (ABCD) 
and two equal segments (B H D and A C), find the area of the 
trapezoid by Prob. III.,, and the areas of the two segments by 
Prob. IX. ; which areas, being added together, will give the area 
of the zone. 

examples. 

1 . The breadth of a zone is 42 feet, and its parallel chords are 
48 and 36 feet, required the area. 

Ans, 253*51 square yards, 

2. The two parallel chords of a circular zone are each 100 
yards, and the radius of the circle 72 yards ; required the area 
of the zone. Ans, 13500 J square yards. 

3. The parallel chords of a circular zone are each 2^ feet, and 
the radius of the circle 1} ; required the area. 

Ans, 6^ Square feet nearly. 
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Problem X. 

To find the area of a ctrcular rinff, or space included between 
two concentric circles. 

Take the difference between the two circles^ for the ring ; or 
multiply the sum of the radii by their difference, and multiply 
the product by 3*1416 for the answer. 

FORMULJS. 

A = fr (R8 - r«) = J- (C3 — (j3); ia which R and r are 

4ir 

the greater and lesser radii, and C and c the greater and lesser 

circumferences. 

EXAMPLES. 

1 . The diameters of the two concentric circles being A B 20 
and D G 12 feet, required the area of the ring contained be- 
tween their circumferences A £ B A, and D F G D. 



E 



AC = 10 3-1416 

DC e» 6 64 



sum 16 12*5664 

dif. 4 . 188-496 




64 201-0624 

2. The diameters uf two concentric circles being 20 and 10 
feet ; required the area of the ring between their circumferences. 

Ans, 235*62 square feet. 

3. What is the area of a ring, the diameters of its bounding 
circles being 6 and 4 feet? Ans. 15*708. 

4. The circular fences on each side a gravel walk, surrounding 
a shrubbery, are 800 and 714 feet in length ; what is the area of 
the walk, and what did it cost in laying with gravel at Is. 4\d. 
per square yard? .^^ ( Area 1151*29 square yards. 

^'^' [ Cost £79 3s. 

Problem XL 

To find the area of a lune A C B D A. 

Rule. — Find by Prob. VIII. the areas of /^T^^^ 

ihe segments AC B and ADB, formed by /O^— 0\ 

the chord A B of the two arcs of the luue, ^/^^D^^^v^ 

and the difference of these areas will be the ^ " * 3 

area reqiured. 
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EXAMPLES. 

U What is the area of lune, the chord A B of which is 24 ft. 
and the heights of its two arcs 5 and 3| ft. ? Ans. 25f sq.ft. 

2. The chord of a lune is 40 feet, and the heights of its arcs 4 
and 20 feet ; required the area. Am. 57*867 square yards. 

Problem XII. 
To find the area of an ellipse. 

Rule.— Multiply the product of the semiaxes TP, CP by 

8*1416 for the area. 

C m 

* 

FORMULA. ^ P*T'"*^>^ 

A = a 5 IT, in which a and b /^ j ^\ 

are the semiaxes. if / \ I ^ r 

examples. Nw 

1. The axes of an elliptical " — ■ 
shrubbery in a park are 300 and n 
200 feet ; required the area. 

Ans. 5236 square yards, = 1 acre 396 square yards. 

2. Required the area of an ellipse, the axes of which are 70 
and 50 yards. Ans. 2748 square yards Sfeet, 

Problem XIII. 

To find the area of an elliptical segment, the chord of which is 
parallel to one of the axes. (See last figure.) 

Rule. — ^^Divide the height of the segment by that axis of the 
ellipse of which it is a part ; and find in the table of circular 
segments at the end of the book, a circular segment haying the 
same yersed sine as this quotient. Then multiply continually 
together, this segment, and the two axes, for the area required. 

EXAMPLES. 

1. What is the area of an elliptic segment mRn, whose height 
R r is 20 ; the tranyerse T R being 70, and the conjugate C 
60 feet? 

70) 20 ( *2854 the tabular yersed sine. 
The corresponding segment 
is -185166 
70 



12-961620 
50 



648*081000 square feet, the area required* 
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2. What is the area of an elliptic segment, cut off pandlel to 
the shorter axis, the height being 10, and the axes 25 and 
85 feet ? An$. 162-021 square feet, 

8. What is the area of the elliptic segment, cut off parallel to 
the longer axis, the height being 5, and the axes 25 and 
85 feet ? Am. 97*8458 square feet. 

Problem XIV, 

To find the area of a parabola. 

BxTLE. — ^Multiply the axis or height Y E 
by the base or donble ordinate D F, and f V 

of the product will be the area. 

FOBMULA. 

A = f a ef, in which a is the axis, and a^ 
d the donble ordinate. 

EXAMPLES. 

i. Required the area of the parabola 
A y G, the axis Y B being 2, and the J> 
doable ordinate A C 12 feet. 

f X 12 X 2 = 16 square feet, the area required. 

2. The double ordinate of a parabola is 20 feet, and its axis 
or height 18 ; required the area of the parabola. 

Ans. 240 square feet. 




Problem XV. 

To find the area of a parabolic frustrum A C F D. 

Cube each end of the frustrum, and subtract the one cube 
from the other; then multiply that difference by double thf 
altitude, and divide the product by triple the difference of theL 
squares, for the area. 

FOBMULA* 

A = fg. pa o , in which a is the altitude, and and e the 
parallel chords. 

EXAMPLES. 

1. Beqiiired the area of the parabolic frustrum A CFD, A 
being 6, D F 10, and the altitude B E 4 feet. 

8 



50 ICKNSU RATION Or SUPERFICIKS. 

Ends. Squares. Cubes. 

DF=»10 100 1000 

AC» 6 36 216 



64 dif. 784 

3 8rs2B£ 



1 92 ) 6272 ( d2f| ; » 32| Ans. 

512 
384 



128 



2. What is the area of the parabolic frustrum, the two ends of 
which are 6 and 10, and its altitude 3 feet? Ans. 2A\ square feet. 

Note. Those who wish for further information on the sreas of the conic 
0(>etions, are referred to the treatise on Analyticul Geometry and Conie 
6eeii<mt, in Weale's Budimentary Series. 

Problem SVI. 

To find the areas of irregular figures whether hounded by straight 
lines or curves. 

Case I. — When the figure is long and narrow. 

Rule. — ^Take the perpendicular breadth at several places, at 
equal distances ; to half the sum of the first and last two breadths, 
add the sum of all the intermediate breadths, and multiply the 
result by the common distance between the breadths for the 
area. 

Case II. — When the breadths or perpendiculars are taken at 
unequal distances^ the figure being longhand narrow. 

Rule I. — Find the areas of all the trapezoids and triangles 
separately, and add them together for the area. 

Rule II. — Add all the breadths together, and divide the 
sum by the whole number of them for the mean breadth, which 
multiply by the length for the area. — ^This method is not very 
correct, but may do where great accuracy is not required. 

EXAMPLES. 

1 . The perpendicular breadths, or oiFsets of an irregular figure 
at five equidistant places are A D s= 8*2, mp = 7*4, n q = 9*2, 
or ^sz 10*2, B C as 8*6 feet ; and the common distances A m = 
191 n s &c. B= 50 feet ; required the area. 
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By Rule I. 
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Afu, 1760*0 iquare/eeL 

2. The length of an irregular plank is 25 feet, and its perpen- 
dicular hreadth at six equidistant places are 17*4, 20*6, 14*2, 
16'5, 20*1, and 24-4 inches ; required the area. 

Ant. 30^ square feet. 

3. Take the dimensions and 
find the area of the annexed 
irregular figure, hy Rule I. and 
II., Case II. 

Case III. When the breadth of the figure is, large and its 
boundary curved or crooked. 

Rule. — Divide the figure into trapeziums and triangles, in the 
most conyenient manner, taking ofi^sets to the curved or crooked 
portion of the- houndary. Find the areas of the trapeziums, 
triangles, and the ofi^set pieces separately, which, heing added 
together, will give the required area of the whole figure. 

EXAMPLE. 

The annexed figure is 
divided into two trape- 
ziums A B F G, B C E F, 
and one triangle C D E, 
with offsets on A B, A G, 
C D, and D E. It is re- 
quired to measure the se- 
veral parts of the figure, 
and to find its area. 

The areas of the trape- 
nums are found by letting fall perpendiculars on the diagonalr 
A F, B E by Prob. IV., and the area of the triangle by Prob. II., 
the areas of the several offset pieces being found by one or other 
of the^^uies of this Problem. 
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PROMISCUOUS EXERCISES. 

1. The sides of three squares are 6, 8, and 24 ifeet ;. required 
the side of a square that shall have an area equal to all the 
three. Am. 26 feet, 

2. In cutting a circle, the largest possible, out of a card- board 
5 feet square, how much will be wasted? 

Ans. 5*365 square feet. 

3. The area of a square is 72 square feet ; required the length 
of its diagonal. Ana, \2 feet. 

4. A ditch 13 yards wide surrounds a circular fortress, the 
circumference of the fortress being 704 yards ; required the area 
of the ditch. Ana. 2 acres nearly. 

5. What is the area of a circular table the diameter of which 
is 59 inches? Ans. 1^ square feet nearly . 

6. What is the area of an isosceles triangie, the base of which 
is '5 feet 10 inches, and each side 8^ feet ? 

Ans. 23 square feet 41|^ inches. 

7. Required the side of a decagon the area of which is 9 square* 
feet. Ans. 1 foot 1 inch nearly. 

8. The side of a square is 50 yards, and its comers are cut otf 
so as to form an octagon ; required the area of the octagon. 

Ans. 207 1 square yards. 



PART IV. 
MENSURATION OF SOLIDS. 

DEFINITIONS. 

1. A Solid has three dimensions, length, breadth, and 
tluckness. 

2. A prism is a solid, or body, whose ends are any plane 
figures, which are parallel, equal, and similar ; and its sides are 
parallelograms. 

A prism is called a triangular one when 
its ends are triangles; a square prisin, 
when its ends are squares; a pentagonal 
prism, when its ends are pentagons; and 

so OB, 
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3. A cube is a square prismV baying six 
sides, wbicb are all squares. It is like a 
die, baTing its sides perpendicular to one 
anotber. 

4. A parallelopipedon is a solid baving 
six rectangular sides, every opposite pair of 
wbicb are equal and parallel. 

5. A cylinder is a round prism, baving 

circles for its ends. 

NoTB. A prism is called a right one, when its sides 
are perpendicular to its ends ; and an oUique prism 
when its sides are inclined to its ends. 

6. A pyramid is a solid baving any 
plane figure for a base, and its sides are 
triangles, tbe vertices of wbicb meet in a 
point at tbe top, called tbe vertex of tbe 
pyramid. 

Tbe pyramid takes names according to tbe figure of its base, 
like tbe prism ; being triangular^ or square, or bexagonal, &c. 



7. A cone is a round pyramid, baving 
a circular base. 

8. A spbere is a solid bounded by one 
continued convex surface^ every point of 
wbicb is equally distant from a point witbin, 
called tbe centre. — The spbere maybe con- 
ceived to be formed by the revolution of a 
semicircle about its diameter, which remains 
fixed. 



9. The axis of a solid, is a line drawn from tbe middle of one 
end, to tbe middle of the opposite end ; as between ibe opposite 
ends of a prism. Hence the axis of a pyramid, js tbe line from 
tbe vertex to the middle of the bftie, or tbe end on v/^bich it is 
supposed to stand, as O V. And the axis of a sphere, is the 
same as a diameter, or a line passing through the centre, and ter- 
minated by the surface on both sides. 

Note. It is called a right pyramid when the axis is perpendicular to tbe 
base, bat when inclined to the base, it is called an oblique pyramid. 




54 MENSURATION OF SOLIDS. 

10. The height or altitude of a solid^ is a line drawn from its 
vertex or top, perpendicular to its base. — This is equal to the 
axis in a right prism or pyramid ; but in an oblique one, the 
height is the perpendicular side of a right-angled triangle, whose 
hjpothenuse is the axis. 

11. Also a prism or pyramid is regular or irregular, as its base 
is a regular or an irregular plane figure. 

12. The segment of a pyramid, cone, or other solids, is 
a part cut off the top by a plane parallel to the base of that 
figure. 

13. A frustrum or trunk, is the part that remains at the 
bottom, afler the segment is cut off. 

14. A zone of a sphere, is a part intercepted between two 
parallel planes. When the ends, or planes, are equally distant 
from the centre, on both sides, the figure is called the middle 
zone. 

15. The sector of a sphere, is composed of a segment less 
than a hemisphere or half sphere, and of a cone having the 
same base with the segment, and its vertex in the centre of the 
sphere. 

16. A circular spindle, is a solid generated 
by the revolution of a segment of a circle about 
its chord, which remains fixed. 

17. A regular body, is a solid contained under a certain 
number of equal and regular plane figures of the same sort. 

18. The faces of the solid are the plane figures under which it 
is contained ; and the linear sides, or edges of the solid, are the 
sides of the plane faces. 

19. There are only five regular bodies : namely, 1st, the tetra- 
hedron, which is a regular pyramid, having four triangular fiices : 
2nd, the hexahedron, or cube, which has 6 equal square faces : 
3rd, the octahedron, which has 8 triangular faces : 4th, the do- 
decahedron, which has 12 pentagonal faces: 5th, the icosahe- 
dron, which has 20 triangular faces. 

TABLE OF SOLID MEASI7RE. 

1728 cubic inches as 1 cubic foot. 

27 cubic feet aa 1 cubic yard. 

277i^nt'arty } ^^^^^ ^"^^'^^ ^ ^ «aUon. 
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Problem I. 

To find the solidity of a cube. 

Rule. — Cube one 'of its sides for the content; thai is, mul- 
tiply the side by itself, and that product by the side again. 

FORMULiB. 

Let I = length of the side of the cube, S its solidity, and 9 its 
surface ; {which two last are also used to represent the solidities 
and surfaces of all the solids in the following problems) then, 

S = /», and / = ^ S. Also » =: 6 P. 

EXAMPLES. 

I . If the side A B, or A C, or B D, of a cube be 24 inches, 
what is its solidity or content ? 
By the Rule or the first Formula. 

24 

24 A B 

96 ■' ""' ^ 

48 ' ■ I 



576 ^ ■ 

24 

2304 
1152 

13824 Jns. 

2. How many solid yards are in a cube the side of which is 
22 feet? Jns. 394 solid yards 10 feet. 

3. Required how many solid feet are in the cube the side of 
which is 18 inches? Ans. 3f. 

4. What is the content of a cube, measuring 6 feet 8 inches 
every way ? Ans. 296 cubic feet 3'. 6". 8'". 

5. A cubical box contains 343 cubic feet; required the length 
of its side. 

By the second formula / =- ^ S = 4^ 343 = 7 feet 

6. How many square feet of deal will make a cubical box, lid 
included, each side of the box being 3 feet ? 

By the last formula, « = 6^^6x 3^ = 54 square feet. 

Problem II. 
To find the solidity of a parallelopipedon. 
Rule. — Midtiply the length, breadth, and depth, or altitude. 
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all continuallj together, for the solid content : that is, m'nldplj 
the length by the breadth, and that product by the depth. 

Put / s length, b » breadth, and d = depth of the solid ; 

then S ^ I b d, I =s -— -, b = —-, d = 7-=, Also, « = 

o a la i o 



2 hib-^-d) + 6rf)} . 



EXAMPLES. 

1. Required the content of the parallelopipedon, whose 
length A B is 6 feet, its breadth A G 2^ feet, and altitude B D 
H feet. 

1-75 = BD 
6 = AB 




10-50 
2-5 = A C 



5250 



^ ® 2100 



26-250 Ant. 

2. Required the content of a parallelopipedon, the length of 
which is 10-5, breadth 4*2, and height 3*4. Ans. 149*94. 

3. How many cubic feet are in a block of marble, the length 
of which is 3 feet 2 inches, breadth 2 feet 8 inches, and depth 
2 feet 6 inches? Ans. 21^. 

4. A stone in the ruins of the walls of Balbec is 66 feet in 
length, 14 in breadth, and 12 in thickness ; required its content, 
and its weight at the rate of 180 lbs. per cubic foot. 

An9, 11088 cubic feet, weight 891 tons. 

5. A rectangular cistern is to be made 32 feet in length and 
12 in breadth, and to hold 1920 cubic feet of water ; what must 
be its depth ? 

By the third formula the depth c? -« — - =« — = 5 feet, 

^ ^ / 6 32 X 12 

6. What quantity of deal is there in a box 3|- feet long, 2 
wide, and l^- deep? 

By the kst formula « « 2 | 3^ (2 + H) 4* 2 x li | » 30^ 
square feet. 
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Fboblem III. 

To find the solidity of any prism or cylinder, 

EuLE. — ^Find the area of the base or end ; which multiply by 
the height or length ; and the product will be the content. 

To find the area of the surface of a prism or cylinder. 

Bulb. — ^Multiply the perimeter or circumference of the base or 

end by the length or height, and the product will be the area 

required. 

NoTB. If the whole surface be required, the area of the two ends must 
be added to the area found by the rule. 

FOBMULJfi. 

Put I = length or height, as before ; a the area, and e the 
circumference of the base ; then 

jj 7 g 

g = ; => ^ — , 1 = -. Also s ^ cl + 2a=s surface of the 
4ir a 

prism, including the two ends, and s = v d I = convex surface 
of the cylinder, exclusiye of the ends, d being the diameter of 
the base. 

EXAMPLES. 

1. Bequired the content of a triangular prism, the length 
A C of which is 12 feet, and each side of its equilateral base 6^ 
feet. 

By the rule or first formula. 

'4330 tabular ]^o. (paga 24) 
6J 



2-5980 
•10825 



a = 2-70625 area of end 
/ = • 12 length 



Ans. 32-475 solid feet 

2. Bequired the solidity of a triangular prism, the length of 
which is 10 feet, and the three sides of its triangular end or 
base are 5, 4, 3 feet. Ans. 60 cubic feet. 

3. What is the content of a hexagonal prism, the length being 
8 feet, and each side of its end 1- foot 6 inches P 

Ans. 46-766 cubic feet. 

4. Bequired the content of a cylinder, the. length of which is 
20 feet, and circumference 5 J feet. 

By the second formula, 

S^^'= (5J)' X 20 X -07958 = 48-146'cubic feet. 

4 ST 

3* 
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5. What is the conTcx sitrface of a cjlinder, tha 
length of which is 16 feet, aad its diameter 2 feet 3 
inches! 

By the last formula, 
« =,r rf/ = 31416 X 2J X 16 = 1130976 aq. feet. 
ti. Required the whole superficial area of a cjlinder, 
the length of nhich is 15 feet, and diameter 5^ feet. 
Am. 32-^ square yardi. 
1. The vihoU superficial area of a triangular 

Iiilk P*^™ ^ '^^ square feet, and each side of its equi- 
M lateral ends 5 feet ; reauired its length. 
', By transposmg Uie tnird formula, 
.1 



= 8-09 feet. 



8, The diameter of a cylinder is 12 feet, and its 
length 20 ; required the content- 

Ant. I'i&'l cahiefttt nearly. 
g. Hov many cubic feet of stone is there in a 
round pillar, the height of which is 16 feet, and 
diameter 2 feet 3 inl Atu. 63-62 cubic ft. 

10. How many square yards of painting are there 
; — nr^ — ; in the convex surface of a column, the length of 
which is 20 feet, and its diameter 2 feetf 

Ant. 13 tquare t/ard»_B\ /eel nearly. 

Problem IV. 

To find Ike tolidity of any eoae or any pyramid. 

Rule. — Compute the area of the base, then multiply that area 
by the height, and take } of the product for the content. 

To find the convex eur/ace of a riykt cone, or the tlant tur- 
face of a right pyramid. 

Rule. — Multiply the circumference of the base by the slant 
height, or length of the side, and take half the prod>ict for the 
surface. 



FOKMULA. 

Also » 



= i cP, P being the 



EXAMPLES. 

1 . What is the solidity of a cone, the height C D of which is 
12i feet, and the diameter A B of the base 2^? 
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Here2i x 2i=- 



Then 7854 

4-7124 
19635 

4*90875 area of base 
12i height CD 



X i = ?5 = 6i = AB». 
2 4 

C 




58-90500 
2-454375 

3)61-359375 



20-453lL»5 Ans. 
2. "What is the solid content of a pentagonal pyramid, its height 
being 12 feet, and each side of its base 2 feet ? C 

1 -7205 tab. area 
4 square side 

6-882 

4=i of height C 




Ans, 27*528 cubic feet, 

3 What is the content of a cone, its height being 10^ feet, 
and the circumference of its base 9 feet ? 

Ans, 22*561 cubic feet. 

4. Required the content of a triangular pyramid, its height 
being 14 feet 6 inches, and three sides of its base, 5, 6, 7» 

Ans. 71-0351 cubic feet. 

5. What is the content of a hexagonal pyramid, the height of 
which is 6 '4 feet, and each side of its base 6 inches ? 

Ans, 1-38 cubic feet, 

6. If the diameter of the base A B be 5 feet, and the side of 

the cone A G 18, required the convex surface 

31416 

6 diameter 



15*7080 circumferenoe 
18 



/• 



126664 
15708 

2)282-744 

Aits. 141*372 aqt*ar4 fvdt. 
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7. What is the conyex surface of a cone, the slant side of 
which is 20, and the circamference of its hase 9 feet ? 

Ans» 90 sguare/eet, 

8. Required the convex surface of a cone, the slant height of 
which is 50 feet^ and the diameter of its hase 8 feet 6 inches ? 

Ans. 667 '^9 square feet. 

9. The side of the equilateral base of a triangular pyramid is 
5 feet, and its solid content 62^ cubic feet ; required its per- 
pendicular height. 

Ans, By the third formula, the height if found 17 feet 4 
inches nearly, 

10. Required the weight of a hexagonal pyramid of marble, 
each side of the base of which is 1 foot 3 inches, and the vertical 
height 10 feet, the weight of the marble being 170 lbs. per 
cubic foot. Ans, 1 tan. cwt. 60^ lbs, 

11. A cone contains 8 solid feet, and its height is 2 feet; 
what is the circumference of its base? Ans. \2' 28 fi nearly. 

12. The circumference of the base of a cone is -33 feet, and 
the slant height 8 feet 9 inches ; required the content. 

Ans. 202*65 cubic feet. 

Problem V. 
To find the solidity of the frustrum of a cone, or any pyramid. 

General Rule. — To the area of the two ends add the 
square root of their product, and multiply the sum by \ of the 
height for the sohdity. 

FORMULiB. 

If A and a be the areas of the greater and lesser ends ; then« 

S = |(A + a + VAo) I. 

When the solid is the frustrum of a cone, or of a pyramid, 
having its ends regular polygons. . 

Rule. — ^To the sum of the squares of the radii of the ends, 
if a cone, or of the sides of the ends, if a pyramid, add their 
product; and multiply the sum by 3*1416, if a cone, or by the 
tabular number of the polygon, if a pyramid, and again by \ of 
the height for the content. 

FORMULA. 

S-=i(R2 4.r2 + Rr)/fr, 
in which R and r are the radii of the ends, if a cone, or the 
'des of the ends, if a pyramid. In the latter case v represents 
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Qxe tabular Bmnber of the polygon. If R and r bo taken as the 
circumference B of the enda of a cone, then «■ most be taken 

= -07958. 

To Jind the convex surface of a fnutrvm of a 'com, or the slant 
turf ace of a pyramid. 

Bole. — Multiply the bdih of the circumferenoee of the two 
ends by i tbe slant height of the froBtrum for the reqtiired 



1. WhtA is the content of a frnstrnm of a cone, the height of 
which is 20 inches, and the diameters of its two ends 28 and 20 
inches ? 

Bad. 14 14 10 Had. 




18S496 
94248 

125664 



3)27394-7520 



Am. 9131-5840 tolii inehet. 
2. Eequired the content of a pentagonal frastrum, the hdght 
of which is 5 feet, each eide of the base 1 foot 6 inches, and 
each side of the loss end 6 inches. 
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Atu, 9-319375 eubic fut. 

8. What ia the solidity of the frustrum of a cone, the altitude 
being; 95, the circumfereDce at the greater eod 20, and at the 

leu end 10 feetr Jtia. 464216 cubie/eet. 

4. Hqw many solid feet are in a piece of timber, whose bases 
are stjuares, each side of the greater end being 15 inches, and 
each side of the less end 6 inches ; also the length, or perpendi- 
cular altitude b 24 feet 7 Ant. ISJ cubic feet. 

5. To find the content of the frustrum of a cone, the aldtud« 
being 18, the greatest diameter 8, and the least 4 feet. 

An». 5277888 eubic/eet. 

6. What is the solidity of a hexagonal fruatrum. the height 
being 6 feet, the side of Uie greater end 18 inches, and of the 
less 12 inches I Jne 2468 cubic feet. 

7. The girts of the trunk of a tree at its two ends are 15 and 
10 feet, and its length 48 feet ; how many solid feet does it 
contain? (R and r being taken for the girts in the second 
formula, &c.) Ans. 604f nearly. 

8. The height of the frustrum of an octagonal pyramid is 4.) 
feet and the udea of its enrls 26 and 19; required the soUd 
-nnteiil. An». 118279 cubic feet. 
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9. The sides of the ends of the fnistrum of a 
■quftre pyramid are G and 4 feet, and its Blant 
length 20 feet, required its slant surface. 

. . , . > circumf, of ends. 

4 X 4= 16/ 

40 sum 
10 »^ length 

9)400 

44J square yards. 
NuTR. The BUnt length u meaaured from the middle of 
one Bide to that of iti correaponding aide. 

10. The slant height of tower, in the form of 
a hexagonal pyramid, is 74 feet, each side of the 
base 7J-, each side of the top 2^ feet ; required the area of the 
■ides, and the expense of painting it at U. 3d. per square yard. 

Am. 2220 square feel, and £15 8». Ad. 

1 1 . What is the convex surface of the frustrmn of a cone, the 
alant height of the fruatrnm being 12*6, and the circumferences 
of the two ends 6 and 8-4 feet? An». 90 tquarefeet. 

12. Required the conTex turface of the frustruiri of a cone, 
the side of the frnstrum being 10 feet 6 inches, and the circum- 
ferences of the two ends 2 feet 3 inches, and 5 feet 4 inches. 

Ans. 39^ aquartfeet. 

13. The perpendicular height of the fiustrum of a cone is 3 
feet, and the circamferences of the base and top 9 and 6 feet ; 
required the whole surface. Ant. 32-08 square feet. 

Problem VI. 

To find the aoUdity of a wedge. 

Role. — To the length of the edge add twice the length of 
the back or base, and reserve the sum ; multiply the height of 
the wedge b; the breadth of the base ; then miutiply this pro- 
duct by the reserved sum, and take ^ of the last product for the 
content, 

FORMtJLA. 

S — i (2 / + r) f)h, the symbols denoting the parts shown 
(m the following figure. 

1 . What is the content in feet of a wedge, the altitude A P 
of which is 14 inches, its edge A B 21 inches, and the length of 
tt& base D E 33 inches, and its breadth C D 4f inches f 
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21 


14 


82 


4J 


82 


— 


-» 


S6 


85 


7 

• 




63 




85 



B 




D 



E 



1728 




315 
504 

5355 



892 '5 Jns, in cuibic inches* 



74375 

6-197916 

•516493 Ans. in cubic feet, or littU more than 

half, a cubic foot. 



2. The edge and base of a wedge are respectively 9 feet, and 
5 feet 4 inches in length, the base is 2 feet 8 inches in breadth 
and the height 3 feet 6 in. ; required the content of the wedge. 

Arts. 30 cubic feet, 7'. 1". 4^'. 

3. The height and length of edge, the length and breadth of 
base of a wedge are each 2 feet ; what is its solidity ? 

Ane, 4 cubic feet. 

Problem VII. 

To find the solidity of a prismoid. 

Definition,— ^The ends of a prismoid are parallel and dis- 
similar rectangles or trapezoids ; the solid is, therefore, the 
frustrum of a wedge, the part of the wedge next the edge being 

cut ofiP. 

• 

Rule. — Add into one sum, the areas of the two ends and 4 
times the middle section parallel to them, and jr of that sum 
will be a mean area ; which being multiplied by the height, 
will give the content. 

Note. For the length of the middle section, take half tfaA sum of the lengths 
of the two ends ; and for its breadth, take half the smn ol the breadths of 
the two ends. 

FORMULA. 

S =s ^ (L B + lb + 4 M m), the symbols representing the 
parts shown in the following figure. 

EXAMPLE. 

1. How many cubic feet are there in a stone, the ends of 
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which are rectangles, the length and hreadth of the one being 
14 and 12 indies ; and the corresponding sides of the other 6 
and 4 inches : the perpendicular height being 30^ feet ? 

14 10 6 

12 8 4 ' 



168 



80 
4 



24 



m 



320 

168 

24 

6) 512 



M 




85^ mean area in inches 
30i height 



2560 
42i 



144 



{ 



12 I 2602-6 



12 I 216-8 



18-074 Ans. 



2. What is the content of a railway coal waggon, of which 
the length and breadth at top are 81^ and 55 inches, at bottom, 
the length and breadth are 4 1 and 29 j- inches, and the height 
4 7 J inches? Ana. 73J cubic feet. 

Note. Several railway cuttings are in the form of a prisMoid, with dissimi- 
lar trapezoidal ends. The following is an example of this kind, the bottom 
width being the same throughout. 

3. The top widths of a railway cutting are 120 and 90 feet, 
their respective depths 30 and 20 feet, the bottom width .30 feet, 
and the length of the cutting 3 chains or 66 yards ; required the 
content in cubic yards. Ana. 12466-| cubic yards. 

Problem VIII. 
To find the solidity of a sphere or globe. 
Rule.— Multiply the cube of the diameter by *52d6. 

FORMUIiiE. 

S=iD3,r, andb= V— 



M KsmnnuLTioN of souos* 




!• The diameter of a ^hioe is 12 feet re- 
spired its sciliditT. 

12S X *5236 = 904*7808 cMe/eet. 

2. Find the content and wdg^t of an iyorj 
hall Z^ inches in diameter, the weight of iTorj 
heini; 1820 oonoes (At.) per cuIhc foot. 
Am. Content 22*449 eukic uu, and weight 23*644 ouneet nearly. 

3. A 2^ inch cube of ivoiy is tamed into a cohere of the same 
diameter ; what weight of ivory will be lost ? 

w^iw/7*68 ouncM, 

4. Required the solid content of the earth, supposing its cir- 
eamference to be 25000 miles. 

Am. 263855164967 eubie mOes. 

PftOBLBM IX. 

To find the solidity of a ^pkeneal seymemt. 

Rule. — ^To three times the square of the radios of its base, 
add the souare of its height; then midtiplj the sum by the 
height, and the product again bj '5236. 

fORMUUL. 

8 = 1(3 f^ + A*) A r, in which r». DB, and A » AD. 



1. Required the content of a spherical 8q;ment, its hdgKt 
being 4 mches, and the radius of its base 8. 

A 8 4 -5236 

iir'''fci 8 4 832 



'••-JlH** 



64 
3 

192 


16 
192 

208 

4 


10472 
15708 
41888 


435-6352 Ans 



832 



2. What is the solidity of the segment of a sphere, the heigHt 
of which is 9, and the diameter of its base 20 feet f 

Ans. 1795 4244 eubic/eet. 

3. Required the content of the spherical segment, the height 
of which is 2^, and the diameter of its base 8*61684 feet. 

Atts. 71-5695 cubic feet. 



MKN8URATION OF SOLIDS. 07 

Problem X. 

To find the solidity of a spherical zone or Jrustrum, 

Rule. — Add together the square of the radius of each end« 
and ^ of the square of their (^stance, or of the height ; then 
multiply the sum by the said height^ and the product asain by 
1-5708. 

FORMULA. 
EXAMPLES. 

1. What is the solid content of a zone, its greater diameter 
being 12 inches, the lesser 8, and the height 10 inches? 

6' ^ 36 ,, — i— ••. 

43= 16 
J X 1Q2 = 33i 

85i X 10 X 1-5708 = 1340-416 cubic in., 
the content required. 

2. Required the content of a zone, the greater diameter is 12, 
less diameter 10, and height 2 feet. Ans. 195 8264 cubic ft. 

3. What is the content of a middle zone, the height being 8 
feet, and the diameter of each end 6 feet ? 

Ans. 494-2784 cubic/t. 

4. A cask is in the form of the middle zone of a sphere, its 
top and bottom diameters being 5 feet 8 mches, and its height 
5 feet, inside measure ; how many gallons will it contain ? 

Ans. 1193} gallons. 

Problem XI. 

To find the convex surface of a sphere, also of a segment and 
zone thereof. 

For the sphere. 
Rule. — Multiply the square of the diameter by 3- 1416. 

For the segment or zone. 

Rule.— Multiply the circumference of the whole sphere by 
the height of the segment or zone. 
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FOBMULA. 

A = d^v = c d = — for the sphere. 
Aa=(2Air=»cAfor the segment or zono. 

EXAMPLES. 

1. Eeqnired the convex surface of a sphere, the diameter of 
which is 2 feet. 

2* X 8-1416 = 12-5664 square feet. 

2. The circumference of a spherical stope is 4 feet, required 
its convex surface. 

Here - =4* ^ 8-1416 = 6-0929 square feet. 
It 

8. Bequired the area of the surface of the earth, its diameter 
or axis heing 7957f miles, and its circumference 25000 miles. 

Ans, 198948750 square miles, 

4. The axis of a sphere heing 42 inches, what is the Convex 
superficies of the segment, whose height is 9 inches ? 

Ans. 1187*5248 square inches. 

5. Bequired the convex surface of a spherical zone, the hreadth 
or height of which is 2 feet, and cut from a sphere of 12^- feet of 
diameter. Arts. 78-54 square feet. 

Problem XII. 

To find the solidity of a circular spindle, 

BuLE. — ^From \ of the cuhe of the length A B suhtract twice 
the product of the area of the circular segment A C B and the 
central distance E 0, and multiply the diflference hy 8-1416 for 
the solidity. 

FOBMULA.. 

S = (iAB'— 2EOareaof seg. ACB)t. 

C Note. The central distance E O, and 

the area of the segment A C B, may be 
foand by the Problems for the purpose in 
Farts II. and III. ; however, the whole 
operation .shall be given in the following 
example. 

EXAMPLES. 

1. The length A B of a cir- 

' cular spindle is 24 feet, and its 

middle diameter CD=18 ; what is its content ? 

A E» 12* 

Diameter H I = g-^- + CE = -g-+9 = 26 feet. 
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Then, by Rule II., Prob. VIII., page 45, 

9 -H 25 = '36 =^ tabular height or versed sine. 

The area of corresponding seg. Tab. 1, is '25455, which mul- 
plied by H 12 = 25^ gives = 159-09375 = area of seg. A C B. 

Now E O = C O — C E = V — 9 = 3-5, or 2 E O =: 7. 

Whence S = (| A B^ — 2 E O x area of seg. A C B) tt == 
(^24» — 7 X 15909375) X 3-1416 = 3739^ cubic feet. 

2. The length of the circular spindle fs 6 feet, and its middle 
diameter 2^ feet ; required the content. Am, 16| eft. nearly. 

Problem XIII. 

To find the content of the middle zone orfrustrum of a circular 
spindle. 

Rule. From thrice the square of the length of the whole 
spindle subtract the square of the length of the middle frustrum, 
and multiply the difference by ^ 

I of the said length of the ^^^-rrrnT^T^^ 

frustrum. Again, multiply p y'''j^ I / M ''* ^ 

four times the central distance ^^sT'jS If ^-ly/''-'^ 

by the area of the middle sec- V'^^ ^^g^ ^t'^^^^^' 
tion A D E C B F.— Subtract ^^ jF ® 

the latter produat from the \ j 

former, and multiply the re- >v j 

mainder by '7854 for the con- \ i 

tent. . ^*0 

NoTX. The middle frustmm of a circular spindle is one of the varieties of 
casks in guaging, the practical rule for finding the content of which, though 
not so strictly accurate, is much more concise than the one just given. 
(See Gnaging). We shall, therefore, not give an example virorked out at 
eng^h, 88 in the preceding Problems, but shall give, for the exercise of the 
student, the following 

EXAMPLE. 

How many gallons (Imperial) are contained in a cask, in the 
form of the middle frustrum of a circular spindle, its head dia- 
meter (A D) being 12, its bung diameter (E F) 16, and its 
length (D C) 20 inches? Ans. 12' 6 gallons. 

Problem XIV. 

To find the convex surface of .a circular spindle A C B D, 
(fig. to Prob. XII.) or of any segment A P D, or zone A D C B, 
(fig. to Prob. XIII.). 

FORMULA. 

I ^t / = length of the spindle, segment, or zone, « = its re- 
volving arc, r =» the radius of the generating circle, and c « 
the central distance : then A = 2 (Jr — ac) ir. 
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EXAMPLE. 

What is the suiface of a circular spindle, the length of which 
is 24, and its middle breadth 18 feet ? Ana. U8H sq. /L 

Problem XV. 

To find the solidity of a cylindrical ring. 

To the thickness of the ring; add the inner diameter; then 
multiply that sum by the square of the thickness, and the pro- 
duct again by 2*4674, or \ of the square of 3*1416, for the 
solidity. 

FORMULA.. 

Let R and r be the inner and outer radii of the ring ; then 

S = i (R — r)8 (R + r)7r«, 

EXAMPLES. 

1. Required the solidity of a 
ring, the inner diameter being 
i 2 and the thickness 2 inches. 

(12 + 2) X 22 X 2-4674. 
^ 1 38" 1 744 square inches. 

2. What is the content of a 
ring, the thickness of which is 
4, and inner diameter 1 6 feet ? 

Ans. 789*568 square feet. 

Problem XVI. 

To find the surface of a cylindrical ring. 

Rule. — Multiply the sum of the outer and inner radii of the 
ring by their difference, or the thickness of the ring, and the 
product by 9*8696, or the square of 3*1416 for the surface. 

formula. 
A= (R + r) (R — r)7r3. 

EXAMPLES. 

1 . The inner and outer radii of a ring are 6 and 8 inches ; 
required the area of its surface. 

(8 + 6) (8 — 6) X 9-8696 = 276*3488 sq. inches. Ans, 

2. What is the surface of a rinff, the inner diameter of which 
is 16, and the thickness 4 inches f Ans, 789*568 sq, in. 

Problem XVII. 

To find the solidity of a spheroid. 

Square the revolving axis, multiply that square by the fixed 
axis, and multiply the product by '5236 for the content 
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FORMULA. 

S ■= J. f^/r^ r being the revolving axis, and/tlie fixed axis. 

Note. In the prolate spheroid, the revoMng axis is the conjugate ; but, ia 
iho oblate, the revolving axis is the transverse. 

EXAMPLES. 

I. Required the solidity of the prolate spheroid AC B D, the 
axes being A B 50 and C D 30. 

30 -5236 

30 45000- 



900 26180000 

50 20944 




45000 235620000 Ans. 

2. Required the content of an oblate sphetoid, the axes of 
which are 50 and 30 inches. Am. 22*7257 cubic feet. 

3. What is the solidity of a prolate spheroid, the axes of 
which are 9 and 7 feet ? Ana. 230*9076 cubic feet. 

4. The earth is an oblate spheroid, the equatorial an^ polar 
axes being 7925| and 7899 miles respectively ; what is its con- 
tent m cubic miles ? An8. 259,791 ,592,621-1991 miles. 

Problem XVIII. 

To find the content of the middle zone of a spheroid, the ends 
being cirmlar and perpendicular to the fixed axis. 

Rule. — To double the square of the middle diameter, add the 
square of the diameter of one end ; multiply this sum by the 
length of the frustrum, and the product again by *2618 for the 
content. 

Note. The middle zone or frustrum of a spheroid is one of the varieties 
of casks in gauging. 

EXAMPI^ES. 

1 . Required the content of the middle zone of a spheroid, the 
middle diameter being 30, the diameter of each end 18, and the 
length 40 inches. Ans. 22242*528 cubic inches. 

2. How many gallons are contained in a cask in the form of 
the middle zone of a spheroid, the bung and head diameters 
being 20 and 16 inches, and the length 18 inches, all internal 
measures? Ans. 11 \^ imperial gallons. 



n 
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Problem XIX. 

To find ike solidity of a paraboloid, 

NoTB. A paraboloid is generated by the rerolatloD of a parabola od Its am. 

Bt7LE. — Multiply the sqaare of the diameter of the hase bj 
the height or axis, and the product again by *3927 for the 



content. 



EXAMPLE. 



What is the content of the parabolic conoid, the height of 
which is 42, and the diameter of its hase 24 ? 

Ans. 9500- 1984. 

Problem XX. 

To find the iolidity of the frustrum of a paraboloid. 

Rule. — Square the diameter of the two ends, add those two 
squares together, multiply that sum by the height, and the pro- 
duct again by '3927, for the content. 

examples. 

1. Bequired the content of a paraboloidal frustrum, the dia- 
meters being 20 and 40, and the height 22^ inches? 

Jtis. 17671^ cubic inches. 

2. What is the content of the frustrum of a paraboloid, the 
greatest diameter being 30, the least 24, and the altitude 9 ? 

Ans. 5216-6268. 

Problem XXI. 

To find the superficies or solidity of any regular body. 

Rule I. — Multiply the proper tabular area (taken from the 
following table) by the square of the linear edge of the solid, 
for the superficies. 

Rule II. — ^Multiply the tabular solidity by the cube of the 
linear edge, for the solid content. 



surfaces and solidities of regular bodies. 


No. of 
faces. 


Names. 


Surfaces. 


SoUdities. 


4 

6 

8 

12 

20 


Tetrahedron 

Hexahedron or Cube. . 

Octahedron 

Dodecahedron 

Icosahedron 


1-73205 
600000 
3-46410 
20-64573 
8-66025 


0-11785 
1-00000 
0-47140 
7-66312 
-2-18169 





None. These are frequently called the Platonic bodies. 
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examples. 

1. If the linear edge or side of a tetrahedron be 3 feet, re- 
quired its surface and solidity ? 

1-73205 X 32= 15-58845 square feet = Bxidsice. 
0-11785 X 33= S' 18195 cubic feet = solidity. 

2. What are the superficies and solidity of the octahedron 
the linear side of which is 2 feet ? 

J f Superficies 13*8564 square feet, 
'^^' \ Solidity 3-7712 cubic feet. 

3. What are the surfaces and solidities of a dodecahedron 
and icosahedron, each of the linear sides of which are 2 feet ? 

• r Dodecahed;on . . { ^^ ; ; ; '^.^^ -^'ff- 



THE SLIDING OR CARPENTERS' RULE. 

This instrument is otherwise called the sliding rule, and it is 
made use of in measuring of timber and artificers' #orks, both for 
taking the dimensions, and computing the contents. 

The instrument consists of two equal pieces, each a foot in 
length, which are connected together by a folding joint. 

One side or face of the rule, is divided into inches; and half 
quarters or eighths. On the same face also are several plane 
scales divided into 1 2th parts by diagonal lines ; which are used 
in planning dimensions that are taken in feet and inches. The 
edge of the rule is commonly divided decimally, or into tenths ; 
namely, each foot into 10 equal parts, and each of these into 10 
parts again : so that, by means of this latter scale, dimensions are 
taken in feet, in tenths and hundredths, and then multiplied as 
common decimal numbers, which is the best way. 

On the one part of the other face are four lines, marked A, B, 
C, D ; the two middle ones, B and C, being on a slider, which 
runs in a groove made in the stock. The same divisions serve 
for both these two middle lines, the one being above the numbers, 
and the other below. 

These four lines are logarithmic ones, and the three A, B, C, 
which are all equal to one another, are double lines, as they pro- 
ceed twice over from 1 to 10. The other or lowest line D, is a 
single one, proceeding from 4 to 40. It is also called the 

4 
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girt line, from its use in compating the contents of trees and 
timber. 

On the other part of this face there is a table of the value of 
a load, or 50 cubic feet of timber, at all prices, from 6 pence to 
2 shillings a foot. 

When 1 at the beginning of any line is accounted 1, or unit, 
then the 1 in the middle will be 10, and the 1 at the end 100 ; 
and when 1 at the beginning is accounted 10, then the 1 in the 
middle is 100, and the 1 at the end 1000: and so on. All the 
smaller divisions being altered proportionally. 

Prqblem I. 

To multiply numbers together. 

Suppose the two numbers 13 and 24. — Set 1 on B to 13 on 
A ; then against 24 on B stands 312 on A, which is the re- 
quired product of the two given numbers 13 and 24. 

Note. In any operations, when a number run» beyond the end of the line, 
seek it on the other radius, or other part of the line ; that is, take the 10th 
part of it, or the 100th part of it, &c., and increase the result proportionally 
10 fold, or 100 fold, &c. 

In like manner the product of 35 and 19 is 665. 
And the product of 270 and 54 is 14580. 

Problem II. 

To divide by the sliding rule. 

As suppose to divide 312 by 24. — Set the divisor 24 on B to 
the diyidend 312 on A; then against 1 on B stands 13, the 
quotient, on A. 

Also 396 divided by 27 gives 14*6. 
And 741 divided by 42 gives 17*6. 

Problem III. 

To square any number. 

Suppose to square 23. — Set 1 on B to 23 on A ; then against 
23 on B, stands 529 on A, which is the square of 23. 

Or, by the other two lines, set 1 or 100 on C to the 10 on 
D, then against every number on D, stands its square in the Hue 
C. So, against 23 stands 529 

against 20 stands 400 

against 30 stands 900 

and so on. 

If the given number be hundreds, &c., reckon the 1 on D for 
100, or 1000, &c., then the corresponding 1 on C is 10,000, or 
100,000, &c. So the square of 230 is found to be 52,900. 
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Problem IV. 

To extract the square root. 

Set 1 or 100, &c., on C to 1 or 10, &c., on D; then against 
erery number found on C, stands its square root on D. 
Thus, against 529 stands its root 23 
against 400 stands its root 20 
against 900 stands its root 30 
against 300 stands its root 17.3 
and so on. 

Problem V. 

Tojind a mean proportional between two numberi. 

As suppose between 29 and 430. — Set the one number 29 on 
C to the same on D ; then against the other number 430 on C, 
stands their mean proportional 111 on D. 

Also the mean between 29 and 320 is 96'3. 

And the mean between 71 and 274 is 139. 

Problem VI. 

To find a third proportional to two numbers, 

. Suppose to 21 and 32. — Set the first 21 on B to the second 
32 on A ; then against the second 32 on B stands 48*8 on A ; 
which is the third proportional sought. 

Also the third proportional to 17 and 29 is 49'4. 

And the third proportional to 73 and 14 is 2'5. 

Problem VII. 

To find a fourth proportional to three numbers : or^ to perform 
the Rule-of Three, 

Suppose to find a fourth proportional to 12, 28, and 114. — 
Set the first term 12 on B to the second term 28 on A; then 
against the third term 1 14 on B, stands 266 on A, which is the 
fourth proportional sought. 

Also the fourth proportional to 6, 14, 29, is 67 '6. 

And the fourth proportional to 27, 20, 73, is 54-07. 



TIMBER MEASURING. 

Problem I. 

To find the area, or superficial content, of a board or plank. 

Multiply the length by the mean breadth. 

Note. When the board is tapering, add the breadth at the two ends to- 
gether, and take half the sum for the mean breadth. 

i 2 ■ 
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BX THE SLIDING RULE. 

Set 12 on B to the breadth in mches on A ; then against the 
length in feet on B, is the content on A^ in feet and fractional 
parts. 

EXAMPLES. 

1. What is the value of a plank, at Hd, per foot, whose 
length is 12 feet 6 inches, and mean breadth 11 inches? 

B/ decimals. By daodedmals. 

12-5 12 6 

11 11 



12 



137-5 



ll-46«. 



li<^. is 1 1 Is. 6d. Am. 



\\d, is \ 



5 in. is xi^ 



11 


b 6 


\s. 



^d. 


\s. 


5d. Ansm 



BY THE SLIDING RULE. 

As 12 B : 11 A : : 12|B : 11^ A. 
That is, as 12 on B is to 1 1 on A, so is 12j^ on B to 1 1^ on A. 

EXAMPLES. 

2. Required the content of a board, whose length is 1 1 feet 2 
inches, and bseadth 1 foot 10 inches. 

Ans. 20 feet 5 inches 8 pts. 

3. What is the value of a plank> which is 12 feet 9 inches 
long, and 1 foot 3 inches broad, at 2\d. a foot 1 

Alts. 3«. 3f £?. 

4. Required the value of five oaken planks at Zd. per foot, 
each of tnem being 11 \ feet long; and their several breadths 
as follow, namely, two of 13^ inches in the middle, one of 14^ 

* inches in the middle, and the two remaining ones, each 18 inches 
at the broader end, and 1 1:}^ at the narrower. 

Ans, £1 5s. 8d. 

Problem II. 

To find the solid content of squared or four-sided timber. 

Multiply the mean breadth by the mean thickness; and the 
product again by the length, and the last product will give the 
content. 

BY the SLIDING RULE. 

C . D DC 

As length : 12 or 10 : quarter girt : content. 

That is as the length in feet on C, is to 1 2 on D when the 
quarter girt is in inches, or to 1 on D when it is in tenths of 
teet ; so is the quarter girt on D, tq the content ou C. 
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NoTB 1. If the tree taper regnlarly from the one end to the other, either 
cake the mean breadth, and thickness in the middle, or take the dimensions at 
the two ends, and half their sum for the mean dimension. 

NoTB 2. If the piece do not taper regularly, but is unequally thick in some 
parts and small in others ; take several different dimensions, add them all toge- 
ther ; and divide their sum by the number of them, for the mean dimension. . 

Note 3. The quarter girt is a geometrical mean proportional between the 
mean breadth and thickness, that is the square root of their product. Some- 
times unskilful measurers use the arithmetical mean instead of it, that is half 
their sum ; but this is always attended with error, and the more so as the 
breadth and depth differ the more from each other. 

1. The length of a piece of timher is 18 feet 6 inches, the 
breadths at the greater and less end 1 foot 6 inches and I ifoot 
3 inches, and the thickness at the greater and less end 1 foot 
3 inches and 1 foot : required the solid content. 

Decimals. Duodecimals. 

1-5 16 

1-25 • 13 



2)2-75 


1-3-75 


1-25 
1-0 


2)2-25 


1-125 
1-375 



2)2 



mean breadth 



6 



mean depth 
mean breadth 



1 
1 


3 



■ 


2)2 


3 




1 

1 


1 
4 


6 
6 



5625 
7875 
3375 
1125 

1-546875 
18-5 

7734375 
12375000 
1546875 

28-6171875 



1 
4 



6 
6 
6 



length 



content 



28 



BY THB SLIDING RI7LB. 



B 
1 
C 
1 

As ISk 



As 

As 



A 

13| 

D 
1 
D 

12 



B 


223 

D 

14-9 



22 '3, tlbe mean square. 

D 

14-9, quarter girt. 



c. 



9 



1 


6 


6 


9 


18 


6 






27 


10 


1 


6 




9 


3 


4 



10 



28 '6, the content. 
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2. What is the content of the piece of timber, whose length is 
24 j^ feet, and the mean breadth and thickness each 1*04 feet? 

Ans. 26^/eet, 

3. Required the content of a piece of timber, whose length is 
20*38 feet, and its ends unequal squares, the side of the greater 
being 19^, and the side of the less Qj- inches. 

Am. 29'7e feet. 

4. Required the content of the piece of timber, whose length 
is 27'36 feet; at the greater end the breadth is 1*78, and the 
thickness 1*23; and at the less end the breadth is 1*04, and 
thickness 0.91. Ans, 41*278 feet. 

Problem III. 
To find the solidity of round or unsquared timber. 

Rule I., OR COMMON rule. — Multiply the square of the 

Siuarter girt, or of i of the mean circumference, by the length, 
or the content. 

BY THE SLIDING RULE. 

As the length upon C : 12 or 10 upon D : : quarter girt, in 
12ths Gf lOths, on D : content on C, 

NoTB. 1. When the tree is tapering, take the mean dimensions as in the 
former Problems, either by girting it in the middle, for the mean girt, or at 
the two ends, and take half the sum of the two. But when the tree is very 
irregular, diyide into several lengths and find the content of each part sepa- 
rately : or else, add all the girts together, and divide the sum by the number 
of them, for the mean girt. 

Note 2. This rule, which is commonly used, gives the answer about \ less 
than the true quantity in the tree, or nearly what the quantity would be after 
the tree is hewed square in the usual way ; so that it seems intended to make 
an allowance for squaring the tree. When the true quantity is desired, use the 
2nd Rule given below. 

EXAMPLES. 

1 . A piece of round timber being 9 feet 6 inches long, and its 
mean quarter girt 42 inches ; what is the content ? 

Decimals. Duodecimals* 

3*5 quarter girt 3 6 

3.5 3 6 

175 
105 

12-25 
9*5 length 



6125 
11025 

1]6*375 oonteni 116 4 6 



. 10 


6 




1 


9 




12 


3 




9 


6 




110 


3 




6 


1 


6 
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BY THE SLIDING RULE. 
C D D C 

As 9-5 : 10 : : 35 : 116^ 
Or 9-5 : 12 : : 42 : 116| 

2. The length of a tree is 24 feet, its girt at the thicker end 
14 feet, and at the smaller end 2 feet ; required the content. 

Ans. 96 feet. 

3. What is the content of a tree, whose mean girt is 3*15 
feet, and length 14 feet 6 inches ? Ans, S'9929 feet. 

4. Required the content of a tree, whose length is 17 i feet, 
which girts in five different places as follows, namely, in the 
first place 9 '43 feet, in the second 7*92, in the third 6*15, in the 
fourth 4;74, and in the fifth 316. Ans. 42-5195. 

Rule II. — Multiply the square of -J- of the mean girt by 
double the length, and the product will be the content, very 
near the truth. 



BY The SLIDING RULE. 

As the double length on C : 12 or 10 on D 
in 12ths or lOths, on D : content on C. 



\ of the girt. 



EXAMPLES. 

1. What is the content of a tree, its length being 9 feet 6 
inches, and its mean girt 14 feet ? 

Decimals. Daodecimals. 

2-8 i of girt 2 9 7 

2-8 2 9 7. 



224 
56 

7-84 
19 

7056 

784 

148*96 



5 


7 


2 


2 


1 


3 




1 


8 


7 


10 


1 


19 







content 



148 11 



BY THE SLIDING RULE. 

e D D 

As 19 ! 10 : : 28 : 149 
Or 19 : 12 : : 33^^ : 149 

2. Required the content of a tree, which is 24 feet long, and 
mean girt 8 feet, Ans. 122*88 J^^^. 
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3. The length of a tree is 14^ feet, and mean girt 3* 16 feet; 
what is the content? Ans, ll'5l/eet. 

4. The length of a tree is 17 i feet, and its mean girt 6*28; 
what is the content ? Ans, 54'425 feet. 

See Table for measuring timber, with examples, p. 139. 



ARTIFICERS' WORK. 

Artificers compute the contents of their works by several 
different measures. 

As glazing by the square foot. 

Painting, masonry^ plastering, paying, &c., by the yard of 9 
square feet. - ' 

Flooring, partitioning, roofing, tiling, &c., by the square of 
100 square feet. 

And brick-work, either by the yard of 9 square feet, or by the 
square rod of 272J square feet, or SO^ square yards, being the 
square of the rod of 1 6^^ feet or 5^ yards long. 

As this number 27 2 J is a troublesome number to divide by, 
the i is often omitted in practice, and the content in feet divided 
only by the 272. But when the exact divisor 2 72 j^ is to be used, 
it will be easier to multiply th6 feet by 4, and then divide suc- 
cessively by 9, 11, and 11. Also to divide square yards by 30^, 
first multiply them by 4, and then divide twice by 1 1 . 

All works, whether superficial or solid, are computed by the 
rules proper to the figure of them, whether it be a triangle, or 
rectangle, a parallelopiped, or any other figure. 



BRICKLAYERS' WORK. 

Brick- work is usually estimated by the rod at the rate of a 
brick and a half thick ; so that if a wall be more or less than this 
standard thickness, it must be reduced to it, as follow? : Multiply 
the superficial content of the wall by the number of half bricks 
in thickness, and divide the product by 3. And to find the su- 
perficial content of a wall, multiply the length by the height in 
feet, and divide the product by 272, for the content in rods. 

Chimneys are by some measured as if they were solid, deducting 
only the vacuity from the hearth to the mantel, on account of the 
trouble of them. 

All windows, doors, &c., are to be deducted out of the contents 
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of the wall in which they are placed, and a distinct charge mnst 
be made for window heaas, sills, quoins, &c. 

A rod of brickwork of standard thickness contains abont 305 
cubic feet, and 4,500 bricks, making due allowance for mortar 
joints, &c. Assuming the cost of bricks at the kiln to be 36tf. 
per thousand, the cost of bricks per rod will be 36«. x 4|- sa 
568 2s. The cost for building a rod of brickwork may be taken 
at 36s. The cost of cartage and mortar varies with the locality 
of the building, this may be taken to average about 20s. per rod. 
These items being collected, there results — 

£ s. d. 
Cost of bricks . . . . ss= 8 2 
Cost of labour .. . . . ss 1 16 
Cost of cartage and mortar . . as 1 



Profit at 10 per cent 



10 18 
1 1 10 



Cost per rod . . . . = 11 19 10, or ^12 
per rod. 

NoTB. — ^The stndent mnst, of conne, make his estimation according to the 
locality of the building, this being only a specimen of the method adopted by 
intelligent architects and builders. 

EXAMPLES. 

1. How many rods of standard brickwork are in a wall whose 
length or compass is 57 feet 3 inches, -and height 24 feet 
6 inches ; the walls being 2^ bricks, or 5 half bricks thick ? 
Decimals. Duodecimals. 

57-25 57 3 

24*5 24 6 



28625 
22900 
11450 

1402-625 
5 



half bricks 



3 

272 



7013125 3 

2337708 square feet. 272 



234 







114 






28 


7 


6 


1402 


7 


6 
5 


7013 


1 


6 


2337 


8. 


6 



8-594 ro<fo. 8r. 161/lf. 8' 6" 

2. A triangular gable is raised 1 7\ feet high, on an end wall 
whose length is 24 feet 9 inches, the thickness being 2 bricks ; 
required the reduced content in square yards. Ans. 32*08^ yds. 

4* 
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3 The end wall of a house is 28 feet 10 inches long, and 55 
feet 8 inches high to the eaves, 20 feet high is 2^ bricks thicks 
other 20 feet high is 2 bricks thick, and the remaining 15 feet 
8 inches is 1^ bnck thick, above which is a triangular gable of 
1 brick thick, which rises 42 courses of bricks, of which every 
four courses make a foot. What is the whole content, and cost 



MASONS' WORK. 

To masonry belongs all sorts of stone work ; and the measure 
made use of is a square foot or square yard. 

Walls, columns, blocks of stone or marble, &c., are measured 
by the cubic foot, and pavements, slabs, chimney-pieces, &c., by 
the superficial or square foot. 

Cubic or solid measure is used for the materials, and square 
measure for the workmanship. 

In the soUd measure, the true length, breadth, and thickness, 
are taken, and multiplied continually together. In the super- 
ficial, there must be taken the length and breadth of every part 
of the projection, which is seen without the general upright face 
of the building. - 

The cost of stones for walling varies with the locality, as 
already noticed in bricklayers' work. 

* A square yard of rubble walling 2 ittt thick weighs 1^ tons, 
and assuming the cost of rubble stones at the quarry to be 6<f . 
per ton, the cost of cartage \8, per ton, the cost of mortar 4ef., 
and that of labour 1«. 8«f . per square yard, we shall have the fol- 
lowing 

Ettimatefor a square yard of rubble walling 2/eet in thickness, 

a, d. 



Cost of materials . 


. = 6(f. X H = 


7i 


Cost of cartage 


. = 1#. X 1| = 1 


3 


Cost of labour . 


• . . . — ^ X 


8 


Cost of mortar . 


. = 


4 



3 lOi 
Profit at 10 per cent . . . . = 04^ 

Total cost per square yard . . . = 43 

An additional charge must be made for quoins, window heads 
and sills, when used in houses constructed of rubble work : also* 
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when the fronts of houses are constructed entirely with Ashler 
work, a separate estimate must be made for it. Ashlers usuallv 
average 9 inches in the bed, this width must, therefore, be de- 
ducted from whole width of the wall, and the remainder estimated 
as rubble work, to which the additional cost at the quany, and 
of hewing the ashler, must be added. 

EXAMPLES. 

1 . Required the square yards and cost of a rubble wall of the 
specified thickness, the length of which is 53 feet 6 inches, and 
the height 1 2 feet 3 inches, at 4s, 3d. per square yard. 

53-5 X 12-25 -*- 9 = 7282 square yards, 

and 72-82 x 4s. Sd.=z£l5 9s. 5}rf. cost. 

BY THE SLIDING RULE. 

B A B A 

9 : 53^ : ! 12^ : 72} square yards. 

2. Required the value of a marble slab, at Ss. per foot ; the 
length being 5 feet 7 inches, and breadth 1 foot 10 inches. 

Ans. £4 U. lOhd. 

3. In a chimney piece, suppose the length of the mantel and 

slab, each . . . . • . 4 ft. 6 in. 

breadth of both together . . .32 

length of each jamb . . • .44 

breadth of both together . . .19 

required the superficial content. Ans. 21 ft. 10 in. 



CARPENTERS' AND JOINERS' WORK. 

To this branch belongs all the wood-work of a house, such as 
flooring, partitioning, roofing, &c. 

The large and plain parts are usually measured by the square 
of 100 feet ; but enriched mouldings, and some other articles, 
are often estimated by runnmg or Hneal measure, and some things 
are rated by the piece. 

Joists are ndeasured by, multiply the depth, breadth, and 
length all together, for tne content of one joist ; multiply that 
by the number of the joists. Note, that the length of the joists 
will exceed the breadth of the room by the thickness of the wall 
and -^rd of the same, because each end is let into the wall about 
|>rd of its thickness. 

PartitioTU are measured from wall to wall for one dimensioni 
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and from floor to floor, as far as they extend, for the other ; then 
multiply the length hy the height. 

In measuring joiners' work, the string is made to ply close to 
every part of the work over which it passes. 

In roofing, the length of the rafters is equal to the length of 
a string stretched from the ridge down the rafter, and along the 
eaves-hoard, till it meets with the top of the wall. This length 
multiplied by the common depth and breadth of the rafters, gives 
the content of one, and that multipUed by the number of them, 
gives the content of all the rafters. 

King post roofsy ^c, all the timbers in a roof are measured 

in the same manner as the 
joists, &c., in flooring. In the 
annexed figure, representing 
a truss for a roof, all the 
beams, as the tie-beam, king- 
post, braces, &c., are mea- 
sured to their full lengths, 
breadths, and thicknesses, in- 
cluding the lengths of tenons ; also the parts cut out on each 
side of the king-post, to form abutments for the braces, are in- 
cluded; unless their lengths exceed 2 feet each by 3 inches 
breadth, when their solidities must be deducted, pieces of smaller 
size, being considered of little or no value, are, therefore, included 
in the measurement. 

For ^air- cases f take the breadth of all the steps, by making 
a line ply close over them, from the top to the bottom ; and 
multiply the length of this line by the length of a step for the 
whole area. — By the length of a step, is meant the length of 
the front and the returns at the two ends ; and by the breadth, 
is' to be understood the girt of its two outer surfaces, or the 
tread and rise. 

For the balustrade, take the whole length of the upper part 
of the hand-rail, and girt over its end till it meet the top of the 
newel post, for one dimension ; and twice the length of the 
baluster upon the landing, with the girt of the hand-rail, for the 
other dimension. 

For wainscoting, take compass of the room for one dimen- 
sion ; and the height from the floor to the ceiling, making the 
string ply close into all the mouldings, for the other dimension. 
— Out of this must bfe made deductions, for windows, doors, and 
chimneys, &c. 

For doors, it is usual to allow for their thickness, by adding 
it into both the dimensions of len8;th, and breadth, and then 
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multiply them together for the area. — If the door he pannelled 
on both sides, take double its measure* for the workmanship: 
but if one side only be pannelled, take the area and its half mr 
the workmanship. — For the wwrronnding architrave, girt it 
about the outermost part for one dimension, and measure over 
it as far as it can be seen when the door is open, for the other. 

JVindawshuttere, bases, ^c, are measured in the same 
manner. 

EXAMPLES. 

1 . Required the content of a floor 48 feet 6 inches long, and 
24 feet 3 inches broad. 

DecimalB. Duodecimals. 

48-5 48 6 

24^ 24 3 



194 204 

970 96 

12125 12 1 6 



1176125 feet 1176 1 6 

11-76125 squares .^n«. 11-76 1 6 

2. A floor being 36 feet 3 inches long, and 1 6 feet 6 inches 
broad, how many squares are in it ? Ans, 5 squares 9B^/eet, 

3. How many squares are there in 173 feet 10 inches in 
length, and 10 feet 7 inches height, of partitioning ? 

Ans. 1 8' S97 2 squares. 

4. What cost the roofing of a house at \0s, 6d. a square; 
the length, within the walls, being 52 feet 8 inches^ and the 
breadth 30 feet 6 inches : reckoning the roof f of the flat ? 

Ans. £\2 \2s. U^d. 

5. To how much, at 6«. per square yard, amounts the wain- 
scoting, of a room; the height, taking in the cornice and 
mouldings beine 12 feet 6 inches, and the whole compass 83 
feet 8 inches ; also the three window shutters are each 7 feet 8 
inches by 3 feet 6 inches, and the door 7 feet by 3 feet 6 inches; 
the door and shutters, being worked on both sides, are reckoned 
work and half work ? Ans. <£36 12;. 2^d. 

6. In a naked floor there are 2 girders, each 20 feet long, 
and 1 foot 2 inches by 1 foot ; there are 1 6 bridging joists, each 
20 feet long, and 6^ inches by 3 ; 16 binding joists, each 9 feet 
in length, and S\ inches by 4 : 48 ceiling joists, each 6 feet 
longi and 4 inches by 2^ : required the content in cubic feet. 

Ans. 144 cubic feet » 
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7. What will the wainscoting of a room cost at 4s, per square 
yard ; the height of the room, including cornice and the mould- 
ings, is 12^ feet and the compass 125} feet; thfere are three 
window shutters, each 7 feet 8 inches hy 3|- feet, and the door 
7 feet hy 3} feet ; the door and shutters, heing worked on both 
sides, are reckoned half work additional ? Ans. £36 Os, 6^d, 



SLATERS' AND TILERS' WORK. 

In these articles, the content of a roof is found by multiply- 
ing the length of the ridge by the girt over from eaves to eaves ; 
making allowance in this girt for the double row of slates at 
the bottom, or for how much one row of slates or tiles is laid 
over another. 

When the roof is of a true pitch, that is, forming a_ right 
angle at top ; then the breadth of the building with its half 
added, is the girt over both sides. 

In angles formed in a roof, running from the ridge to the 
eaves, when the angle bends inwards, it is called a valley ; but 
when outwards, it is called a hip. 

Deductions are made for chimney shafts or window holes. 

EXAMPLES. 

1 . Required the content of a slated roof, the length being 45 
feet 9 inches, and the whole girt 34 feet 3 inches. 

Decimals. Duodecimals. 

45-^5 45 9 

34i 34 3 ' 



18300 205 6 

13725 135 

114376 11-5 3 



9)1566-9375 feet 9)1566 11 3 

yards 174104 174 yds. 11' 3". 

2. To how much amounts the tiling of a house, at 25s. 6d* 
per square; the length being 43 feet 10 inches, and the breadth 
on the flat 27 feet 5 inches, also the eaves projecting 16 inches 
on each side, and the roof of a true pitch ? Ans. £24 9s, 5^d. 
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PLASTERERS' WORK. 

Plasterers' work is of two kinds, namely^, ceiling, which ia 
plastering upon laths ; and rendering, which is plastering upon 
walls : which are measured separately. 

The contents are estimated either by the foot or yard, or square 
of 100 feet. Enriched mouldings, &c., are rated by running or 
lineal measure. 

Deductions are to be made for chimneys, doors, windows, &c. 

EXAMPLES. 

1. How many yards are there in a ceiling, which is 43 foei 
8 inches long, and 25 feet 6 inches broad ? 

Decimals. Duodecimals. 

43-25 43 3 

25i 25 6 



21625 221 3* 

8650 86 

21625 21 7 6 



9) 1102-875 9) 1102 10 6 

yards 122*541 Ana. 122 yds. Aft. 10' 6". 

2. To how much amounts the ceiling of a room, at lOrf. per 
yard ; the length being 21 feet 8 inches, and the breadth 14 feet 
10 inches? Am. £1 9s. S^d. 

3. The length of a room is 18 feet 6 inches, the breadth 12 
feet 3 inches, and height 10 feet 6 inches ; to how much amounts 
the ceiling and rendering, the former at 8d. and the latter at Sd. 
per yard ; allowing for the door of 7 feet by 3 feet 8, and a fire- 
place of 5 feet square ? Ans. £1 13*. 3d. 

4. Required the quantity of plastering in a room the length 
being 14 feet 5 inches, breadth 13 feet 2 inches, and height 9 feet 
3 inches to the under side of the cornice, which girts 8^ inches, 
and projects 5 inches from the wall on the upper part next tho 
ceiling ; deducting only for a door 7 feet by 4. 

(53 yds. 5 ft. 3 in. of rendering, 
Ans. < 18 5 6 of ceiling. 

. (^ 39 0^ ofeomice. 



^AINfERS* AND GLAZIERS' WORK. 

PAINTERS' WORK. 

Painters' work is computed in square yards. Every part is 
measured where the colour lies ; and the measuri]^g line is forced 
into all the mouldings and comers. 

Windows are done at so much a piece ; and it is usual to allow 
douhle measure for carved mouldings, &c. 

EXAMPLES. 

1 . How many yards of painting contains the room which is 
65 feet 6 inches in compass, and 12 feet 4 inches high? 

Ans. 89 yards Qfeet 10'. 

2. The length of a room heing 20 feet, its breadth 14 feet 6 
inches, and height 10 feet 4 inches ; how many yards of painting 
are in it, deducting a fire-place of 4 feet by 4 feet 4 inches, and 
two windows each 6 feet by 3 feet 2 inches i Ans. IZ-^yds. 

3. What cost the painting of a room at 6^. per yard; its 
length, being 24 feet 6 inches, its breadth 16 feet 3 inches, and 
height 1 2 feet 9 inches ; also the door is 7 feet by 3 feet 6, and 
the window shutters to two windows each 7 feet 9 by 3 feet 6, 
but the breaks of the windows themselves are 8 feet 6 inches 
high, and 1 foot 3 inclies deep : deducting the fire-place of 5 feet 
by 5 feet 6? Ans, £3 3s. lOid. 



GLAZIERS' WORK. 

Glaziers take their dimensions either in feet, inches, and parts, 
or feet, tenths and hundredths. And they compute their work in 
square feet. 

In taking the length and breadth of a window, the cross bars 
between the squares are included. Also lyindows of round or 
oval forms are measured as square, measuring them to their 
greatest length and breadth, on account of the waste in cutting 
the glass. 

EXAMPLES. 

1. How many square feet contains the window which is 4*25 
feet long, and 2*75 feet broad? 

Decimals. Duodedmals. 

2-75 2 9 

4J - 4 3 



1100 U 

•6875 B 3 

11-6875 Ans. 11 8 -8 
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2. What will the glazing a triangular sky-Ii^ht come to at 
lOd. per foot; the base being 12 feet 6 inches, and the perpen- 
dicular height 6 feet 9 inches? Ans. £\ ]5«. \^d, 

3. There is a house with three tier of windows, three windows 
in each tier, their common breadth 3 feet 1 1 inches ; 

now the height of the first tier is 7 feet 1 inches, 

of the second 6 8 

of the third 5 4 

Required the expense of glazing at \Ad. per foot. 

Ans.£\3 11*. lOid. 

4. Required the expense of glazing the windows of a house at 
13d. a foot; there being three stories, and three' windows in each 
story : the height of the lower tier is 7 feet 9 inches, 

of the middle 6 6 

of the upper 5 3 

and of an oval window over the door 1 10|^ 

The common breadth of all the windows being 3 feet 9 inches. 

Ans. £12 5«. M. 



PAVIORS' WORK. 

Paviors' work is done by the square yard, and the content is 
found by multiplying the length by the breadth. 

EXAMPLES. 

1. What cost the paving a foot-path at 3«. Ad. per yard ; the 
length being 35 feet 4 inches, and breadth 3 feet 3 inches ? 

Ans. Content 12 yards & feet 10'. Cost £2 2s. Qd. 

2. What will be the expense of paving a rectangular court yard, 
whose length is 63 feet, and breadth 45 feet; in which there is 
laid a foot path of 5 feet 3 inches broad, running the whole 
length, with broad stones, at 3«. a yard ; the rest being paved 
with pebbles at 28. 6d. a yard? Ans. ^40 58. lO^d. 



PLUMBERS' WORK. 

Plumbers' work is rated at so much a pound, or else by the 
hundred weight of 112 pounds. 

Sheet lead used in roofing, guttering^ &c., is from 7 to 1 21bs. 
to the square foot. And a pipe of an inch bore is commonly 
13 or 14 ibs. to the yard in length. 
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EXAMPLES. 

!• How much weighs the lead which is 39 feet 6 inches long, 
and 3 feet 3 inches hroad, at 8; lbs. to the square foot ? 
Decimals. Doodedmals. 

39*5 . 39 6 

3i • 3 3 



118-5 
9-875 

128-375 



1027-000 
64- 1875 



118 


6 


9 


10 6 


128 


4 6 


H 




1024 




64 




H 




OiJ 





1091-1872 An8. 1091^ lbs. 

2. What cost the covering and guttering a roof with lead, at 
18«. the cwt. ; the length of the roof being 43 feet, and breadth 
or girt oyer it 32 feet; the guttering 57 feet long, and '2 feet 
wide : the former 9'831 lbs., and the latter 7*373 lbs. to the 
square foot ? Am. ;61 15 9«. 1^. 



ARCHED AND VAULTED ROOFS. 

To find the concave surface of a circular, gothic, or elliptical 

vaulted roof 

Rule. — ^Multiply the length of the arch by the length of the 

vault for the required surface. 

Note. — ^The length of the arch, for most practical purposes, is found by 
applying a small cord along its concavity, and then measuring its length. 

EXAMPLE. 

What is the concave surface of Caerfylly bridge, over the Taafe ; 
which is a segment of a circle, span 140, height 35, and width 12 
feet? Am, \9 AAA square feet. 

To find the content of a circular, gothic, or elliptical roof 
Rule. — Multiply tlie area of the end by the length of the 
roof for the content of the vacuity. 

To find the solid content of the materials. 
From the solid content of the whole arch take that of the 
T acuity for the solid content of the materials. 

EXAMPLE. 

Required the solidity of the vacuity and of the materiab of a 
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circular vault ; span 36 feet, height 18 feet, thickness of walls 
at the spring 6 feet, thickness of crown 4 feet, and length of the 
vault 100 feet? 

J f 1884*96 cubic yards solidity of vacuity. 
\ 2026*15 cubic yards solidity o/ materials. 

To find the surface and solidity of a dome, the height and 
dimensions of the base being given. 

Rule. — Take twice the area for the surface, and multiply the 
area of the base by frd of the height for the solidity. 

Note. Although these rules are only true when tlie domes are hemi- 
spherical, yet they are sufficiently near the truth for all practical purposes. 

EXAMPLE. 

Required the surface and solidity of a hemispherical dome, tho 
diameter of its base being 60 feet. 

J r Surface 628-32 square yards. 
■^^' \ Solidity 20944 cubic yards. 

NotB 1. The surface of a saloon is found in the same manner as a vaulted 
roof. 

Note 2. Rules might have been here given for the measurement of hay- 
stacks, coal-heaps, &c ; but these may be readily resolved into two or more 
of those solids, the methods of finding the content of which are given in the 
Mensuration of Solids, Part IV. Moreover, haystacks are usually sold by 
weight, and seldom or never by measurement. 



SPECIFIC GRAVITY. 

The specific gravity of bodies are their weights when com- 
pared with an equal bulk of pure water, which, at the tempera- 
ture of 40°, weighs 1000 ounces avoirdupois per cubic foot. The 
following table, therefore, contains the weights of a cubic foot of 
several bodies in ounces. 



A TABLE OF THE SPECIFIC GRAVITY OF BODIES. 

Light earth 

Solid Gunpowder 

Sand 

Coal . from 1030 

Pitch 

Box-wood . 

Sea-water . 

Common Water 

Mahogany • 

Oak . 

Ash . • 

Beech » 

Elm . 

Fir . 

Cork . • 

Air • 



Platinum . 


. 21470 


Gold 


. 19260 


Mercury . 


13600 


Lead 


11325 


SUver 


10470 


Copper 


9000 


Cast brass 


8400 


Steel 


7850 


Iron 


. 7704 


Cast Iron 


, 7065 


Tin . . . 


7320 


Granite . 


3950 


Flint Glass ' 


. 3000 


Marble 


2700 


Freestone 


. 2500 


Clay . . • , 


2160 


Brick 


. 2000 



to 



1984 

1745 

1520 

1300 

1150 

1030 

1030 

1000 

1065 

925 

755 

700 

600 

540 

240 

1| 
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To find the weight of a body from its hulk. 

Rule. — Multiply the content of the body, in cubic feet, by 
its tabular specific gravity for its weight in avoirdupois ounces. 

EXAMPLES. 

1. Required the weight of a block of marble, whose length is 
63 ieet, and breadth and thickness each 12 feet, being the cumen- 
sions of one of the stones in the walls of Balbec. 

63 X 128 X 2700 .^„ ", ,. . . , , ,, 

— 16 X 112x20 — ~ ^83fy tons, which is equal to the 

burden of a second rate East India ship. 

2. What is the weight of a block of dry oak, which measures 
10 feet long, and 3 feet by 2\ ? Ane, 4336 lb, nearly. 

To find the magnitude of a body from its weight. 

RuLE.^^Divide its weight in avoirdupois ounces by its tabular 
specific gravity for its content in cubic feet. 

EXAMPLES. 

. 1. Required the content of an irregular block of freestone^ 
which weighs 1 cwt. 

112 X 16 ,. . ^ 

2500. = '^''^'^ ^^^' 

^^^mj<16xm8^ 1238-67 cubic inches. 
2500 

2. How many cubic feet are there in a ton of dry oak ? 

Ane. 38-}-|^ cubic feet. 

3. A cast iron pipe is 6 inches diameter in the bore and 1 inch 
in thickness ; required the weight of a running foot. 

.^«*. 67-45^. 



LAND SURVEYING. 

Description of Instruments used for Measuring akd 

Planning Surveys. 

the chain. 

The chain, usually called Gunter's chain, is almost generally 
used in the British dominions, for measuring the distances re- 
quired in a survey. It is 66 feet, or 4 poles, in length, and is 
divided into 100 links, which are joined by rings. The length 
of each link, together with half the rings connecting it with the 



8URVBYIN6 INSTRUMENTS, &C. 93 

adjoining links, is consequently — - of a foot, or = 7' 92 

inches. At every tenth link from each end is attached a piece 
of brass with notches ; that at the tenth link has one notch, 
that at the 20th two notches, that at the 30th three, that at the 
40th four, the middle of the chain, or the 50th link being 
marked with a large round piece of brass ; hence, any distance 
on the chain may be readily counted. Part of the first link, at 
each end, is formed into a large ring for the purpose of holding 
it with the hand. 

The chain acquires extension by much use, it should there- 
fore, be frequently examined, and adjusted to the proper length 
by taking out some of the rings between the links : for this pur- 
pose, chains having three rings between each link are to be pre- 
ferred to those having only two. 

THE OFFSET. STAFF. 

The offset staff is used to measure short distances, called offsets; 
hence its name. It is usually ten links in length, the links 
being numbered thereon with the figs. 1, 2, 3, &c. It is 
usually pointed with iron at one end, for the purpose of fixing 
it in the ground, as an object for ranging hues, for marking 
stations, &c. 

THE CROSS. 

The cross is an instrument used by surveyors to erect per- 
pendiculars. It is usually a round piece of sycamore, box, or 
mahogany, about four inches in diameter, with two folding 
sights at right angles to each other, or more commonly with 
two fine grooves sawed at right angles to each other, which 
answer the purpose of sights. It is sometimes fixed on a staff 
of convenient length for use, pointed with iron at the bottom, that 
it may be fixed firmly in the ground : but it is found more com- 
modious in practice to have a small pocket cross, which may be 
Teadily fitted to the offset-staff, either by an iron spike on the cross 
being inserted' in a hole made in the offset- staff, or the offset-staff 
being passed through a hole made in the cross, to about the 
eighth link from the piked end, at which place the staff must be 
shouldered, that the cross may rest firmly. 

DIRECTIONS FOR MEASURING LINES ON THE GROUND. 

Besides the instruments already described, ten arrows must be 
provided, about 12 inches long, pointed at the end, so as to be 
readily pressed into the ground, and turned at the other end« so 
as to form a ring to serve for a handle. 
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In using the chain, marks are to be set up at the extremities 
of the line to be measured, as well as its intermediate points, if 
its extremities cannot be seen from one anofher, on account 
of hills, woods, hedges, or other obstructions. Two persons 
are then required by the surveyor to perform the measurement. 
The chain leader starts with the ten arrows in his left hand, 
and one end of the chain in his right ; while the follower re- 
mains at the starting point, who, looking at the staff or staves, 
that mark the line to be measured, directs the leader to extend 
the chain in the direction of the staff or staves. The. leader 
then puts down one of his arrows, and proceeds a second chain's 
length in the same direction, while the follower comes up to the 
arrow first put down. A second arrow being now put down 
by the leader, the first is taken up by the follower; and the 
same operation is repeated till the leader has expended all his 
arrows. Ten chains, or 1000 links, having now been measured 
and noted in the field book, the follower returns the ten arrows 
to the leader, and the same operation is repeated as often as 
necessary. When the leader arrives at the end of the line, 
the number of arrows in the follower's hand shows the number 
of chains measured since the last exchange of ar- 
rows noted in the field book, and the number of 7000 
links extending from the last arrow to the mark or 600 

staff at the extremity of the line, being also added, 83 

gives the entire measurement of the line. Thus, if 

the arrows have been exchanged seven times, and 7683 
if the follower have six arrows, and from the arrow last put 
down to the end of the line be 83 links, the whole measurement 
will be 7683 links, or 76 chains 83 links, which is usually 
written thus — 76' 83 chains, the two last figures being decimals of 
a chain. 

In using the chain, care must be taken to stretch it always with 
the same tension, as it will extend by much use, and will there- 
fore require to be examined occasionally, and shortened, if neces- 
sary. But a good chain may be used several days on tolerably 
smooth ground, without any material extension. 

The surveyor must mark, or caused to be marked, every station 
on the line, while it is being measured, with a staff or cross on the 
ground, entering its distance in the field book. 

When a survey is made for a finished plan, all remarkable 
objects should be noted down ; as buildings, roads, rivers, ponds, 
footpaths, gates, &c. 

The boundary of the estate measured ought to be carefully 
observed. If the ditch be outside the boundary fence, it usually 
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belongs to the estate, and vice verad ; although this is not uni- 
formly the case ; therefore, inquiry ought to be made with re- 
spect to the real boundary. 

In some places five links from the hedge-post or roots of the 
quickwood are allowed for the breadth of the ditch, but this 
breadth varies to as far as even ten links, especially in swampy 
countries. 

All ditches and fences must be measured with the fields to 
which they belong, when the full quantity on the plan is re- 
quired : but when the growing crops only are to be measured, 
only so much as is occupied by the crops. 



Instruments for Laying Down or Plotting Surveys. 

THE common drawing COMPASSES. 

This instrument consists of two legs moveable about a joint, 
so that the points at the extremities of the legs may be set at 
any required distance from one another : it is used to transfer 
and measure distances, and to describe arcs and circles. 

NoTB. There are several other kinds of compasses, used for planning , as 
those with moveable points, for the introduction of black lead pencils, or ink 
points, beam compasses for taking large distances, proportional compasses, 
&c., the uses of which are easily learned. (See Heather't Treatise on Mather 
matical Jnatrumenta.) 

PLOTTING SCALES. 

Plotting scales, also called feather-edged scales, are straight 
rulers, us\ially about 12 inches long. Each ruler has scales of 
equal parts, decimally divided, placed on its edges, which are 
made sloping, so that the extremities of the strokes marking 
the divisions lie close to the paper. The primary divisions re- 
present chains, and the subdivisions ten links each, the inter- 
qiediate links being determined by the eye. Plotting scales may 
be procured in sets, each with a different number of chains to 
the inch. They are usually made of ivory or box, and each pro- 
vided with a small scale called an offset scale for laying down the 
offsets. In using these scales, the first division or zero, on the 
plotting scale, is ])laced coincident with the beginning of the line 
to be plotted, and so as just to touch that line with the feather- 
edge : the end of the offset scale is then placed in contact with 
the edge of the plotting scale ; and thus the offsets may be ex- 
peditiously pricked off: for which jiurpose an instrument called 
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a pricker is used, but a hard black lead pencil with a fine point, 
is greatly to be preferred, as it does not injure the paper. 

The vernier scale and protractor, the uses of which will be 
readily understood, are best adapted to laying down extensive 
surveys, where great accuracy is required. (See Baker's Land 
and Engineering Surveying, Weale'e Series,) 

PLANNING SURVEYS. 

In planning or plotting surveys, the upper part of the paper 
or book, on which the plan is made, should always, if possible, 
be the north. The chain lines, buildings, fences, &c., ought 
first to be drawn with a fine black lead pencil : the first should 
then be dotted with ink, and the latter neatly drawn. Great 
care is required in the construction of the plan, when the dimen- 
sions are to be measured therefrom with the scale. The scale 
should never be more than three chains to an inch, for when the 
parts of a plan are large, the dimensions may be taken with 
greater accuracy. After having found the content of the field or 
fields, &c., of which any plan consists, it may be laid down by 
any scale to give it a more convenient size. 

THE FIELD BOOK. 

The method now generally adopted in setting down field notes, 
and which has long been found to be the best in practice, is to 
begin at the bottom of the page and write upwards. 

Each page of the book is usually divided into three columns. 
The middle column is for distances measured on the chain line, 
at which hedges are crossed, or offsets, stations, or other marks 
are made; and in the right and left columns, those offsets, 
marks, and any other necessary observations thereon, must be 
entered, accordingly as they are situated on the right or lefl of 
the chain-line. 

The crossing of roads, rivers, hedges, &c., are, by some sur- 
veyors, shewn in the field book, by lines drawn across the mid- 
dle column at the distances where they are crossed, and by 
others these crossings are shewn by lines drawn on part of the 
right and left hand columns, opposite the distances where they 
are crossed by the chain line ; and buildings, turns of fences, 
comers of fields, to whieh offsets are taken, are usually shewn 
by lines sketched in a similar situation to the middle column, 
as the fences, buildings, &c., have to the chain line. Thus a re- 
presentation of the chief objects in the survey may be sketched 
in the field, which will give essential assistance in laying down 
the plan. The stations are usually^ numbered, for the sake 
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of reference, and marked thus 0. The bearing of the first main 
line is usually taken by surveyors, from which the position of 
the plan with respect to the north is determined. This may be 
done by a common pocket compass, where great accuracy is not 
reouired. 

k. of O 2, and L. of Q ^> &c., denote that the following 
lines are measured to the right of station 2, and to the left of 
station 5, respectiTcly. 

NoTB. Another approved and excellent method of setting down the 
work is, to draw by the eye on a piece of paper, a figure resembling that 
which- is to be meaBnred ; and then write the dimensions aa they are found 
against the corresponding part of the figure. This method may be prac- 
tised even in larger surveys, and is far superior to any other at present 
practise 



To SUETBT WITH THE ChAUT AITO CeOSS. 

An acre of land is equal to 10 square chains, that is 10 chains 
in length and one in breadth, or 1000 links in length and 100 
in breadth; an acre, therefore, contains 100,000 square links, 
as per table of square measure below. Hence the contents in 
square links are, in tbe following examples, divided by 100,000, 
or what is the same thing, 5 figures to the right are cut off for 
decimals, the figures remaining on the left being acres. The 
decimals are then multiplied by 4 for roods, and again by 40 for 
poles. 

A TABLE OF LINEAR MEASURE. 

Links. 
25 

100 

1,000 

Mile. 

8,000 5.280 1.760 320 80 8 1 



Feet. 


Yards. 


Poles. 






16i 


H 


1 


Chains. 




66 


22 


4 


1 




660 


220 


40 


10 


Furlongs. 


5,280 


1,760 


320 


80 


8 





A TABLE OF SQUARE MEASURE. 




Sq. Links. 


Sq. Feet. 


Sq. Yards. 


Sq. Poles 
or Perches. 




625 
10,000 


272* 
4,356 


30* 

484 


1 
16 


Sq.Chs. 
1 


Roods. 


25,000 


10,890 


1,210 


40 

• 


. 2i 


1 


Acres. 


100,000 


43,560 


4,840 


160 


10 


4 


1 


Ci.000.000 


27,8f78,400 


3,097,600 


102,400 


6,400 


2,560 


640 



Sq. Milo. 
1 
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Problem I. 

TRIANGULAR FIELDS. 

1 • Ijet A B C be a triangle, of which the survey, plan, and 
content are required. 

Set up poles or marks at the angles A, B, and C, and mea- 
sure from A towards B, and when at or near D, trj with the 
cross for the place of the perpendicular C D ; plant the cross 

^ and turn it till the marks A 

and B can be seen through 
one of the grooves; then look 
through the other groove, 
and if the mark at C can 
be seen through it, the cross 
is in the right place for the 
perpendicular; if not, move 
the cross backward or for- 
ward till the three marks can be seen as before directed. Siip- 
pose the distance A D to be 625 links, and the whole A B, to 
be 1257 links; return to D, and measure the perpendicular 
D C, which suppose to be 628 links, thus completing the 
survey of the triangle. 

CONSTRUCTION. 

From a scale of equal parts, or plotting scale, lay off the 
base AB = 1257 links ; on which take A D = 625 links ; at 
D erect the perpendicular D C, which make = 628 links ; join 
AC, C B, then A B C is the plan of the triangle. 

TO FIND THE CONTENT. 

Rule. — ^Multiply the base by the perpendicular, and half the 
product will be tne area. 

examples. 

1. The dimensions being the same as found above, required 
the content. 

Jns. 1257 X 628 -5- 2 = 394698 acres = 3a. 3r. Sl^p. 

2. The distance from the beginning of the base to the place 
of the perpendicular is 375 links, the whole base 954, and the 
perpendicular 246 ; what is the area of the triangle. 

954 X 246 -5- 2 = M7342 = la. Or. 27ip. the content ? 

3. Measuring the base of a triangle the place of the perpen- 
dicular was found at 863 linSs, and its length 645 ; the whole 
base was 1434 links ; required the plan and area. 

Area. 4a. 2r. 20p, 
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Problem IL 

fields in the form of trapeziums. 

Fields in this form are usually divided into two triangles by 
a diagonal, which is a base to both the triangles. 

Let A B C D be a field in the form of a trapezium, the plan 
and area of which is required. 

Measure from A towards C ; and let the place of the perpen- 
dicular m B be at 5*52, and its length 8*76, also let the place of 
the perpendicular n D be at 1 1 '82, and its length 3*44, and the 
length of the whole diaeonal A C be 13*91 chains, which com- 
pletes the survey : but it is usual also to measure the other dia- 
gonal B D for a proof line, which is found to be 9*56 chains. 

KoTK 1. The conttraction of each iff the two triangleif forming the trape- 
zfufn, it the tame as the conttruction given to the flrit example in Prob. I. 

NoTB 2. The longer of the two diagonals ihould always be selected for the 
bate oi the two triangles forming the trapezium, for sometimes the perpen- 
dicular will not fall on the shorter diagonal, without its being prolonged ; and 
when this is the case with both diagonals, one of the sides may be talcen for 
a base, or two of the sides, if necessary. 

TO FIND THE CONTENT. 

Rule. — Multiply the sum of the two perpendiculars by the 
diagonal, and half the product will be the content. 

EXAMPLES. 

1. Let the measurement of a trapeaium be as above founds 
required the content. 

344 
376 



720 
1391 



27820 
9787 

2) 1001520 

500760 
4 

003040 

40 



A ^stIm 




i '21 600 
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same o])'i 
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WITH THB OBAIH AND 0R08B. 
Trapezoid F C D Q 

695 1 P®^- 



101 



745 
110 



Triangle A.C1* 
352 
110 

88720 



1097 
745 

852 =» (JB 



947 sam. 
636 = PQ 



635 — PQ 



Triangle QDB 
695 
_852=»QB 

1190 
2975 

1785 

209440 



4736 
2841 
6682 

601345 

209440 

38720 

2)849506 

4,24752'5 
4 

•99010 
40 

39,60400 
301 

1812000 
16100 

18.27100 




Area, 4tf. Or. 3p. I8yrf*. 

2. EecLUired the plans and areas of two fields from the fol- 
lowing notes. 





AB 




1169 


E 


C15 


G 


234 


From 


©Ago 



339 D 


D 513 


461 E 


C 683 


W. 


From 




Problem III. 

TO SURVEY FIELDS CONTAINED BY MORE THAN FOUR 

SIDES. 

Fields or plots of ground hounded hj more than four sides, 
may he surveyed hy dividing them into trapeziums and tri- 
anffles.^^Thus, a field of five sides may be divided into a tra- 
pezium and a triangle; of six sides, into two trapeziums; of 
seven sides into two trapeziums and a triangle ; &c. 

TO FIND THE CONTENT. 

'Rvt'^'' — ^y ^^® ^^^ ^*^^ Problems, find the double areas of 
pAch trapezium and triangle in the field ; add all the double 
reas together, and half their sum will be the content. 

EXAMPLES. 

1 Lav down a field and find its area from the following 
dimensions- 



1C2 
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to0D 


- 




520 




p 


288 


80£ 


G 120 


206 
Go to © F 







to© G 






440 


• 


D230 


152 

L. of © C 


9 




to © C 






550 




B 180 


410 


n 


m 


135 


130 G 


Begin 


at © A 


range £ 



CONSTRUCTION. 

The above field is divided into two trapeziums ABCG, GD£F 
and the triangle G C D. Draw the diagonal A C, which make 
= 550 links ; at 135 and 410 set off the perpendiculars m C = 
1 30, and n B = 1 80 links respectively ; join AB, BC, CG, and GA, 
and the first trapezium will be completed. Then on CG, laj off 
0^= 152, and draw the perpen(Ucular 9 D = 230; join CD, 
D G, and the triangle is completed. Lastly, with centre G and 
radius aG = 120 describe an arc; and with centre D and radius 
oD = 314 (=520—206) describe another arc, intersecting the 
former in o ; through o draw the diagonal DF = 520 links, irpon 
which, at 288 links, draw the perpendicular p £ ; join D£, £ F, 
FG, and the figure vdll be completed. 



130 
180 

310 
550 

15500 
1550 

170500 



440 
230 

13200 
880 



120 
80 

200 
520 



101200 104000 



Double areas. 

170500 trap. ABC G 
101200 tri. CDG 
104000 trap. D£FG 

2)3-75700 



1-87850 — la. 3r 20ip. 
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2. Required the plan and areas of two fields from the follow- 
ing dimensions. 



First Field. 





to O A 




504 


E98 


233 


Return 


to© B 




to O D 




673 


C207 


472 




427 


Begin 


at O A 



Base 



Diag. 

268 B 
range W. 



Area. la. 3r. 15p. 



Second Field. 





to O F 




970 




520 


E290 


413 




R.ofOD 




to O D 




744 


C 161 


386 




303 


Begin 


at O A 



Diag. 
181 B 



Diag. 

333 B 
range W. 



Area. 4a. Or. 19ij7. 



ANOTHER METHOD. 

* A small piece of land, having several sides, may sometimes 
be most conveniently measured by taking one diagonal, and 
upon it erecting perpendiculars to all the angles on each side of 
it. . The piece will thus be divided into right angled triangles 
and trapezoids, the areas of which must be calculated as in the 
two last Problems. 

EXAMPLES. 

1 • Required the plan and area of a field from the following 
notes. 





to O G 




1020 


F470 


890 


e 


610 


D 320 


585 


C70 


440 


b 


315 


Begin 


at O A 



/ 

50 £ 
d 
c 

350 B 
goE. 




NoTB. The method of planning the above field is sufRciently dear, from the 
preceding field-notes, and from what has heen already done* 
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Triangle A Cc. 
A c = 440 
Cc= 70 



Trape, C c d D. Trapc. D df F. 
Drf = 320Drf = 3201/^G 
Cc = 70 F/ = 470" 



30800 



sum = 390 sum = 790 
erf = 145rf/ = 305 



13050, 
435 

56550 



3950 
2370* 



240950 



Trapezoid B 5 e £. 
B5 = 350 
E<? = 50 



sum 
60 



= 400 
=295 

118000 



triangle E e G. 
Ge = 410 
Ee = 50 



20500 



Tri. P/G. 
= 130 
F/= 470 



9100 
52 



61100 



Tri. A 4 D. 

A ^ = 315 

B A = 350 



15750 
945 

110250 



Double areas. 

30800 

56550 
240950 

61100 
110250 
118000 

20500 



2)638150 
3-19075 



= 3a. Or. 30ip. Area. 
Problem IV. 

FIELDS INCLUDED BY ANY NUMBER OF CROOKED OR 

CURVED SIDES. 

When a field or estate is bounded by crooked fences, a line 
must be measured as near to each of them, as the angles or 
bends will permit ; in doing which an oifset must be taken to 
each corner or bend in the fence. The offsets or perpendiculars 
thus erected, will divide the whole offset space into right angled 
triangles and trapezoids, the areas of which may be found a£ 
already shewn. 

Note 1. When the offisets are short, that is, not greatly exceeding a chain 
in length, their places on the line may be found by laying the offset-staff at 
right angles to the chain, as nearly as can be judged by the eye ; but when the 
offsets are large, and correctness is required, their places must be found by 
the cross, and measured by the chain. 

Note 2. The quickest method of laying down offsets, is, by laying the 
feather-edge of the plottyig scale against the base or chain line, and sliding 
the offset scale along the feather edge to the several distances of the offsets, 
and pricking off their lengths, corresponding to their several distances. 
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Note 3. Uiuikilful surveyors nsually add all the offisets taken on one line 
together and divide the sum by their number for a mean breadth ; but this 
method is very erroneous, especially where the offsets vary greatly in length, 
and should therefore be avoided where great accuracy is required. 



EXAMPLES. 



1. Required the plan and content of a right-lined {»ece of 
ground by offsets, from the following notes. 





to O B 


o 


955 


n Ci 


785 


•m57 


634 


/88. 


510 


^70 


340 


t84 


220 


5 62 


45 





00 


Begin 


at ©A 



h 

9 

f 

e 

d 
e 

range G. 




Ac = 

e b = 



45 
62 



90 
270 



2790 



ch 
di 


= 62 

= 84 


ed 


146 
= 175 




730 
1022 
146 




25550 



ffm =57 
A'n =91 



148 
^h' = 151 



148 
740 
148 

22348 



di =84 
ek = 70 



154 
de = 120 



18480 



A' B = iro 

A' 11= 91 



170 
1530 

15470 



ek 
fl 

of 


= 70 

= 88 

158 
= 170 




1106U 
•158 




26860 



// = 88 
ff m = 57 



fg 



145 
= 124 



580 
290 
145 

17980 



Double areas. 
2790 
25550 
18480 
26860 
17980 
22348 
15470 

2)1-29478 

0-64739 = Ofl. 2r. 23p, 
6 * 
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Calculation hy the erroneous method (See Note 3)« 



00 
62 
84 
70 
88 
67 
91 
00 



955 
56i 

6730 
4775 
477 



= AB. 

= mean breadth. 



8)452 



56i 



0-53957 = Oa. 2r. 6p. Content by this method, 
wMch is 17 perches too little. For 
this method is always erroneous except 
when the offsets stand at equal distances 
from one another, and when the first 
and last offsets are both 0. 

Some omit all the offsets that are 0, dividing the sum of the 
offsets by the number of real offsets ; by this method we shall 
hare 

6)452 955 
75i 



75i 



4775 
6685 
318 



0*71943 — Ofl. 2r. 35p., which is 12 polec 

too much. 

2. To lay down a crooked piece of land, adjoining a river fi-oa? 
the following notes. 






to O F 


197 


720 


163 


600 


226 


500 


139 


350 


80 


200 


74 


100 





000 


Begin 


at O A 



[E. 
range 



'^■^^le content is found by the same method as in the preceding 



'e. 
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8. Plan and find the area of a field from the subjoined notes. 





to O A 







480 




37 


350 




28 


160 







000 

L. of C 






to C 






585 







450 


57 




320 


40 




200 


72 




100 


47 




000 
L.of0B 









to O B 




743 


C382 


290 


Prom 


A 



p 

goE. 



Having found the area of the triangle ABC, the areas of the 
offsets on the Une B C must be added thereto, and the sum of the 
areas of the insets on the hue C A must be subtracted from the 
sum, and the remainder will be the content of the field. 

Note. The area of the triangle ABC may be found, when the measurement 
of all three sidea are giTen, (which is the case in the present example,) either 
by calculation, as shall hereaiter be shewn, or by measuring the perpendicular 
from the plan, which, as already shewn, maybe laid down from the three sides 
of the main triangle. — The areas of fields, having a great number of crooked 
and curved fences, are found by the method given in the last Example, page 51. 



Problem Y. 



TO MEASURE A LINE ACROSS A WIDE RIVER. 



Let the annexed figure be a river, which 
is required to be crossed by the chain line 
P B. Fix, or cause to be fixed, a pole or 
mark at B, at or near the margin of the 
river, in the line to be measured; erect 
the perpendicular A D, measuring A C 
and C D of any equal lengths ; at D erect 
the perpendicular D £ ; on arriving at £^ 
in the direction B C, the distance D £ will 
be equal to A B, the required breadth of 
the river. 
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From the arrangement of the lines in the figure, it is evident 
that the triangles C- A B, C D E are equiangular, and since A C 
was made = CD, the triangles are equal in all respects, and con- 
sequently A B ;= D E. 

NoTB 1. For Tarious other methods of measuring obstmcted lines, under 
different circumstances, see Baker* a Land and Engineering Surveying, Chap. III. 

NoTv 2. A sufficient detail of methods of surveying by the help of the cross, 
which, though not much used by experienced surveyors, is a simple instrument, 
and its use readily understood by students. This method is, therefore, a 
proper introduction to the higher branches of surveying ; besides, in rural 
districts, villages, &c., few surveyors use the more expensive instrument, the 
chain and cross being found quite sufficient to measure the quantities of grow- 
ing crops, and other such small surveys as may be there required. 
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This method of surveying has long been adopted by 'experi- 
enced surveyors, who have found it, in general, more accurate 
and expeditious, as well as better adapted to laying down ex- 
tensive surveys especially where no serious obstructions from 
woodlands, water, buildings, &c., exist ; the use of the cross, in 
this method, being entirely excluded by some surveyors, and 
by others only used for secondary purposes, as for taking oc- 
casionally long offsets, or for squaring of hues obstructed by 
buildings, water, &c. Instead of the cross some use the optical 
square for these purposes ; while some erect perpendiculars with 
the chain only. See Chap. III.> Baker 9 Land and Engineering 
Surveying, 

Problem I. 

TRIANGULAR FIELDS. 

When a triangular field, or piece of ground in that shape, is 
to be surveyed, set up poles or marks at each corner, and mea- 
sure, each side, leaving marks in at least two of the lines, and 
entering their distances in the field book; then measure the 
distance between the two marks for a proof line :— or, one 
mark only may be left in one of the lines, which may be con- 
nected with its opposite angle for a proof line. 

EXAMPLES. 

1 . Required the construction and area of a field from the fol« 
lowing dimensions. 
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to »t 


Proof 


384 


From 


m 




to A 




1244 


n 


700 




L0 C 




to C 




852 




L0 B 




to B 




1338 




1000 


O m 


600 


From 


A 

• 



line. 




Range £. 



A m D B 

"When the triangle A B C is 
constructed, the proof line m n 
will he found to measure 384 
links, shewing that there has 
heen no error in the work : 
also the perpendicular C D will 
be found to be 770 links ; 
whence the area of the triangle 
= 1338 X 770 -+-2 =5-15130 
= 5a. Or. 24p, the area. 

NoTB. If the proof line measured from the plan does not exactly, or very 
nearly, agree wifh that measured in the field, some error h^ heen made, and 
the work must be repeated. 

TO FIND THE AREA OF A TRIANGLE FROM THE THREE 

SIDES. 

Rule. — From half the sum of the three sides subtract each 
side severally and reserve the three remainders ; multiply the 
half sum continually by the three remainders, and the square root 
of the product will be the area» 

Note. By this rule the area of a triangle may be found without laying it 
down, or finding the perpendicular. * 

Adopting the preceding example, we ' have by the rule, 

1338 + 852 + 1244 

2 = 1717 = half sum of the three sides. 

Then 1717 - 1338 = 379 = 1st remainder; 1717—852 = 
865 = 2nd remainder; 1717 — 1244 = 473 = 3rd remainder; 
whence -v/(1717 X 379 x 865 X 473) = 5*15992 = 5a. Or. 25^^^. 
the sum as the area already found by measuring the perpendicular 
from the plan. 

Note. This- method of finding the areas of triangles is very little used in 
practice, on account of its requiring a tedious calculation, which may, however, 
be more readily performed by logarithms. 

' 2. It is required to lay down a survey and find its content from 
the following field notes. 
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2504 
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2000 


74 


D fn 


1860 


351 to n 
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1650 


137 




1430 


90 




1220 


144 




850 


30 




425 


110 




000 







L. OC 






to© C 







1346 




80 


1072 




128 


708 




98 


458 







000 






L. O B 


• 




to O B 


• 




1946 







1490 


96 




1200 


152 




1000 


112 


3« 


600 






520 


50 




000 




om 


A 


goN. E. 



Having drawn the figure, the proof line m n will be found 
to measure 35 1 links, as in the field notes ; and the perpen- 
dicular B 6 to be 1056 links. 

Double areas. 

2644224 Triangle ABC 
655676 Offsets on A B and A C 



3299900 Sum 
200616 Insets on BC 



2)3099284 Difference 



15*49642 = 15a. 2r. Op. nearly, the area required. 
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Problem II. 

FOUR SIDED FIELDS. 

When a field has four sides, straight or crooked, measure the 
four sides, or hues near them, if crooked, taking the offsets; 
also measure one or both the diagonals, one of which will serve 
as a Jbase in plotting the work, and the other for a proof-line ; 
or the proof-Une may be measured in any other direction that 
may be most convenient. 

Sometimes the measurement of both the diagonals is pre- 
vented by obstructions, in such cases it will be sufficient to 
measure tie-lines across two of the angles of the trapezium, at 
the distance of from two to five chains from each angle, ac- 
cording to the sise of the field. These tie lines with their dis- 
tances from the angles on the main hues will be found sufficient 
for planning the lines and proving them. 

EXAMPLE. 

In the annexed figure the \r-^.^.^^^ — 1 ^**---7v^ 
Unes A B, B C, CD, DA are ^--^^:^--.-f^--..i — A 
measured, marks being left at |}, \\ /^ '^^-v :l 

q, and r, and their respective I \ / \ V 

distances on the lines noted in ' r'\ / ^ \'- 
the field book, thus furnishing y\ / ^> 

the following method of laying I \ / 

down the plan. V-if-t \.....\ 

On A B, as a base, take A p \ \ 5 J 

= given distance, and with the \\ ?' / 

distances Ar, p r, and centres Y\ 1 "if 

A and p describe arcs cutting in i \ • / 

r; then prolong Ar, and lay off r\ r"'vy 

thereon the given length A D. I \ -d'^K^y ^''^*^'^^^^ 

In the same manner construct t^Hx^ ~ 

the triangle pBq, and make B C = its given length. Lastly, 
join D C, which must be of the length shewn in the field book, 
otherwise there has been some mistake either in the measure- 
ment, or in laying it down. Should this be the case, the whole 
of the work, firstly on the plan, and secondly in the field, must 
be gone over again till the error be discovered. 

Problem III. 

FIELDS HAVING MORE THAN FOUR SIDES. 

Various methods will suggest themselves to the surveyor for 
taking lines to lay down a field that requires more than four 
main lines to take its boundary. The method of dividing such 
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fields into trapeziums and triangles is^ in most cases, circuitous, 
and displays little skill on the part of the surveyor, especially 
where all the sides are crooked, and where a plan is required. 
A few methods of surveying fields of this kind will, therefore, 
be presented- to direct the .student ; although their variety of 
shape is so endless, that no general rule can be given for laying 
out lines on the ground, that shall give an incontestably accurate 
plan. To tie every angle in succession, though true in principle, 
is by no means a safe method, especially where there are a great 
number of angles to be tied, as an error in one of the tie-lines 
will derange the whole of the work, without affording the means 
of detecting where the error lies. 

Note. The following examples of surveys of this kind occurred in part of 
the author's extensive practice, as a surveyor of parishes under the Tithe- 
Commissions. The student is recommended to sketch the following speci- 
mens on a large scale, and find their contents by the usual methods. 



EXAMPLE. 




Here a field of five 
sides is surveyed by 
the same number of 
lines, viz. A B, B C, 
C D, D 9/2, and A n, the 
last two intersecting 
in £. These lines 
evidently constitute a 
decisive proof among 
themselves, and all of 
them are available in 
taking the boundary. 
In surveying this field (poles or natural marks being supposed 
to be fixed at A, B, C, D, and E) commence close to the river's 
edge, in the line A B prolonged backwards, enter the offsets and 
the station A in the field-book. On arriving at© m, in the 
direction E D, enter its distance, and so on to Q B, measuring 
the line to the fence ; from B proceed to C, in like manner, 
measuring beyond the station to the fence. The place of the © 
n is to be noted, on arriving in the direction E A, while mea- 
suring CD. D m is next measured, the place of the © E being 
noted. Lastly, go from m to A, and measure A n, entering the 
place of the © E a second time, all the offsets being supposed 
to be taken during the operation. 

Construction of the plan. Select the distances Am, A E, and 
E m from the field-book, and with them construct the triangle 
A m E, prolong the sides to their entire lengths, up to the 
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boundaries, and fix the places of the stations B, », and D. 
Now, if the measured length of D n just fit between D and n, 
the work is right with respect to the triangles A £ m, £ D n. 
Lastly, prolong D n to the Q C, and, if the distance from thence 
to the O B be the same as shewn by the field book, the whole 
of the work is right. But, if the distance D n'do not agree, the 
work must be examined from the beginning ; if only the distance 
B C fail, then bnly that distance and the portions m B, C n need 
be examined. 

Note. For a Tariety of other methods of Borveying irregular fields, small 
estates, &&, &c., see Baker'$ Land and Engineering Surveying, Chap. III. 

Problem IV. 

SURVEYING LARGE ESTATES OR PARISHES BV THE CHAIN ONLY* 

Having perambulated the boundary of the estate, parish, or 
lordship to be surveyed, if you find that its boundary approaches 
somewhat near to that of a four-sided figure, or trapezium, the 
system of fundamental lines, adopted by order of the Tithe 
Commissioners of £ngland and Wales, is to be preferred. 
These fundamental lines are six in number, of which four must 
Tun close by, or as nearly as possible to, the boundary in question, 
thus forming a trapezium, four lofty station poles being placed at 
^ach angle, as objects for running the lines ; the other two lines 
must form the diagonals of this trapezium, and therefore pass 
through the central parts of the survey, intersecting each other, 
the points of intersection being noted on measuring each line, so 
that when the system of lines are laid down on the plan, the 
proof of the accuracy of the work may be fully established, before 
the minor operations, or filling up, as it is called, is commenced. 
It will be necessary, moreover, in almost every case, to range the 
lines between every two of the main stations with long slender 
ranging poles, as the intervention of hills, fences, trees, buildings, 
&c., will frequently interrupt the view of even the loftiest station 
poles that can be obtained; and more especially so, when the 
main stations are at a great distance, which depends on the mag- 
nitude of the survey, and is sometimes as much as ten miles. 
In measuring these main lines, every fence, road, stream, build- 
ing, &c., which is passed or crossed must be noted in the field 
book, the several crossings, and bends being sketched therein, 
to the latter of which offsetts must be taken. Stations must 
also be left on these main lines, at convenient situations for taking 
the interior fences, &c., of the survey, and their distances care- 
fully noted in the field book. From and to the stations^ thus 
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left, or from and to points near them, secondary lines must be 
run, as Dear the interior fuirts of the sarvey as possible, the cross- 
ings, offsets, and other remarks being made in the field book, as. 
already directed for the measorement of the main lines. These 
secondary lines will accurately fit between the points from and to 
which they have been measured, when laid down on the plan ; 
thus forming a net work of small triangles within the fear large 
triangles, into which the survey is divided by the six funda- 
mental lines. This principle of proof is founded on the obvious 
property of triangles having a common angle always fitting one 
within another, the common angle of both being coincident. 
The lines marked with the figures 1 to 6, represent the system 
in question, those without figures are the secondary lines. 




The main hues are numbered with the figures 1, 2, 3, &c., in 
small circles, as the most convenient method of reference to the 
field book : the secondary lines must have these numbers con- 
tinued on them, for the same purpose, but this is not done in the 
diagram, to avoid confusing it. 

It will be seen that the secondary lines mn, r« are prolonged 
beyond the system of main lines, to give stability to the parts of 
the survey that protrude beyond line 2. 

Note. For the method of keeping the field book in ext^npwe surveys, the 
description and use of the theodolite and other surveying instruments, see 
Bakert Land ana Engineering Surveying, 



LEVELLING. 
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LEYELLING. — DEFINITION OF LEVELLING. 

By the art of levelling the inequalities of the upper boundary 
of any section of the earth's surface may be shewn, and thence 
may be determined the several heights of any number of points 
in that boundary, above or below an assumed line, called a level 
line ; though, in reality, this line is a great circle of the earth, 
and is such us would be derived from a section of the surface of 
still water. 

LEVELLING INSTRUMENTS. 

(1.) Levelling instruments all depend on the action of gra* 
vity: of these the plumb-line, on which the mason's level 
depends, is the most simple ; but it cannot be used in extensive 
operations, on account of its practical inconvenience. The fluid, 
or water level, in all its modifications, is slso found inconvenient 
for extensive practice. 

(2.) Spirit levels are now commonly used, as the most ac- 
curate instruments for finding the differences of level, or vertical 
distances between two stations : of these there are several, we 
shall only here describe the Y level. 



TAE Y LEVEL. 



Dn 




The foregoing figure represents this instrument. A is an 
achromatic telescope, resting on two supporters, which in shape 
resemble the letter Y ; hence the name of the instrument. The 
lower ends of these supporters are let perpendicularly in a strong 
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brass bar, whicb- carries a compass box C. This compass is con- 
venient for taking bearings, and has a contrivance for throwing 
the needle off its centre, when not in use. One of the Y sup- 
porters is fitted into a socket, and can be raised or lowered by the 
screw B. . 

Beneath the compass box, which is generally of one piece with 
the bar, is a conical axis passing through the upper of two 
parallel plates, and terminating in a ball supported by a socket. 
Immediately above the upper parallel plate is a collar, which can 
be made to embrace the conical axis tightly by turning the 
clamping screw E ; and a slow horizontal motion can be given to 
the instrument by means of the tangent screw D. The two 
parallel plates are connected together by the ball and socket 
already mentioned, and are set firm by four mill-headed screws, 
which turn in sockets fixed to the lower plate, while their heads 
press against the under side of the upper plate, and thus serve 
the purpose of setting the instrument truly level. 

Beneath the lower parallel pjate is a female screw, adapted to 
the staff head, which is connected with brass joints to three 
niahogany legs, which support the instrument. 

The spirit level I lis fixed to the telescope by a joint at one 
end, and a capstain headed screw at the other, to raise or de- 
press it for adjustment. 

(3.) Previous to using this instrument the following adjust- 
ments must be attended to. 

1 . The adjustments of the telescope for parallax and coUima^ 
tion. 

2. The adjustment of the bubble tube. 

3. The adjustment of the axis of the telescope perpendicularly 
to the vertical axis. 

1. The adjustment for parallax and collimation. Move the 
object-glass by the screw, and the eye-glass with the hand, till 
distant objects and the cross wires within the telescope, appear 
clearly defined ; and the adjustment for parallax wiU be com^ 
pletea. Next, direct the telescope to some well-defined object 
at a great distance ; and see that the intersection of the cross 
wires cuts it accurately ; then loose the clips that confine the 
telescope in the Ys, and turn it round on its axis, observing 
whether the centre of the wires still continue to cut the object, 
during a whole revolution. If it does, it is in adjustment ; if 
not, the line of collimation, or optical axis of the instrument is 
not in the line joining the centres of the eye and object-glasses. 
**'<> correct this error, turn the telescope on its axis, and by 
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means of the four conjugate screw a, a, &c., that more .the cross 
wires, correct for half the error, alternately loosing one screw and 
tightening its opposite one, till the cross wires cut the same point 
of the distant object, during an entire revolution of the telescope 
round its axis. 

2. The adjustment of the bubble tube,^M.o\e the telescope 
till it lies in the direction of two of the parallel plate screws, and 
hj giving motion to these screws bring the air-bubble to the 
centre of its run. Now reverse the telescope carefully in the 
Ts, that is, change the places of its ends ; and should the bubble 
not settle in the same point of the tube as before, it shows 
that the bubble tube is out of adjustment, and requires cor- 
recting. The end to which the bubble retires must then be 
noticed, and the bubble made to return one-half the distance bj 
turning the parallel plate screws, and the other half hj turning 
the capstain headed screws at the end of the bubble tube. The. 
telescope must now again be reversed, and the operation repeated, 
until the bubble settles at the same point of the tube, in the 
centre of its run, in both positions of the instrument. The ad- 
justment is then perfect, and the clips, that confine the telescope 
in the Ys should be made fast. 

3. The adjustment of the axis of the telescope perpendicularly 
to the vertical axis, — Place the telescope over two of the pa- 
rallel plate screws, and move them, unscrewing one while 
screwing up the other, until the bubble of the level settles in 
the centre of its run ; then turn the instrument half round on 
its vertical axis, so that the contrary ends of the telescope may- 
be over the same two screws, and, if the bubble does * not again 
settle in the same point as before, half the error must be cor- 
rected by turning the screw B, and the other half by turning the 
two parallel plate screws, over which the telescope is placed. 
Next turn the telescope a quarter round, that it may be ovei: 
the other two screws, and repeat the same process with these 
two screws ; and when, after a few trials, the bubble maintains 
the same position in the centre of its run, while the telescope is 
turned round on the vertical axis, this axis will be truly ver- 
tical ; and the axis of the telescope being horizontal, by reason 
of the previous adjustment of the bubble tube, will be perpen- 
dicular to the vertical axis, and remain truly horizontal, while 
the telescope is turned completely round. The adjustment is 
therefore perfect. 

There are several other highly approved levelling instruments, 
as Troughton's and Gravatt's levels, &c., for the descriptions of 
which, see Baker* s Land and Engineering Surveying, 
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LEVELLING STAVES. 

(6.) The best constructed levelling staff (Gravatt's) consists of 
three parts sliding one within another, and, when opened out for 
use, form a stafP 1 7 feet long, jointed together something after 
the manner of a fishing rod. The whole length is divided into 
hundredths of a foot, alternately coloured black and white, and 
occupying half the breadth of the staff ; but for distinctness the 
lines denoting tenths of feet are continued the whole breadth, 
every half foot, or five- tenths, being distinguished by a conspi- 
cuous black dot on each side, the whole feet being numbered with 
the figures 1, 2, 3, &c. 

CORRECTION FOR CURVATURE. 

B D E (7.) Let B D E be a horizontal line, 

that is, such as would be given by the 
line of sight of a level, properly ad- 
justed ; B C F an arc of a great circle 
of the earth, and A its centre. It will 
at once appear from the figure, that 
the heights D C, E F, of the apparent 
level B E, above the true level increase 
successively from the point B. The 
height E F of the apparent level above 
the true, is ecfual to the square of the 
distance B E divided by twice the 
earth's radius A B, that is E F = 

B E» * ^ B D« 

^- ; p, and similarly D C = o~I~g"> &c., therefore the correc- 
tions for curvature, D C, E F, &c., vary as the squares of the 
distances B D, BE, &c., since 2 A B is a constant quantity. 

Taking the earth's radius to be 3979 miles, and assuming the 
distance B D to be 1 mile, then the correction for curvature 
DC = BD2-5-2AB = l8-f- 79^)8 = j^ of a mile = 7'962 
inches = nearly 8 inches. If the distance B E = 3 miles, then 
the correction EF = BE2-^2AB = ,^ = 71*656 inches, 
or nearly 6 feet. 

Let any distance B D = c? in miles, and the correction for cur- 
vature for 1 mile be taken = 8 inches = -| of a foot, which it is 
very nearly ; then 

2 (P 
correction = — ^ feet, 

for any distance d in miles : 

* The demonstration of this formula is given in my edition of NetbWs Sur- 
veying^ p. 348. 
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and let -^ = «?, c being chains ; then 



80 



2^2 2xl2c8 c» 



correction = -3""= 3 x 80«= SOOT ^''^^^»- 
for any distance c in chains. 

CORRECTION FOR REFRACTION. 

(8.) The effect of the earth's curvature is modified by another 
cause, arising from optical deception, namely, refraction ; the 
correction for which varies with the state of the atmosphere, but 
it may generally be taken at \ of the correction for curvature, 
as an average ; and since refraction makes objects appear higher 
than they really are, the correction for it must be deducted from 
that for curvature. 

EXAMPLES. 

1 . Required the correction for curvature and refraction, when 
the distance of the object is 2\ miles. 

? X (2-5^) ^ ^p^^^ = 4-166 cor, for curvature, 

\ of which is '595 cor. for refraction. 



Difference 3' 671 feet, cor. required. 

2. Required the correction, as in the last example, when tlie 
distance is 60 chains. 

60* -*- 800 = 4*5 cor. for curvature, 
■f of which is . . "643 cor. for refraction. 

Difference .... 3 '85 7 inches, cor. required. 

3.- From a point in the Folkestone road, the top of the keep 
of Dover Castle was observed to coincide with the horizontal wire 
4 a levelling telescope, when adjusted for observation, and there- 
tore was apparently on the same level ; the distance of the instru- 
ment from the castle was 4^ miles, required the correction for 
curvature and refraction, that is, the true height of the keep of 
the castle above the point of observation. 

2 " .0 40-5 

g X (4* 5)* = -g — = 13*5 feet, cor. for curvature, 

•J- of which = 1*93 feet, cor. for refraction. 

Difference ......' = 11*57 feet, cor. required. 

iSf^e also the tables /or these corrections at the end of the book. 



120 



LBVBLLING. 



PRINCIPLES AND PRACTICE OF LEVELLINO. 

To find the diffidences of the levels of several points on tlie 
surface of the earth, 

(7.) Before entering on this subject, it will be proper to 
state that the corrections for curvature and refraction, already 
explained, are seldom applied in the practice of levelling, the 
spirit level being usually placed midway between the stations, 
tne levels of which are to be observed, hence the resulting cor- 
rection for each station are equal, and therefore the difference 
of the levels at the two stations is as truly shown by the dif- 
ference of the readings of the two staves, fixed thereon, as if the 
corrections had been made. Thus the trouble of making these 
corrections is avoided by simply placing the instrument midway 
between the two staves, 

(8.) Let it be required to find the difference of level between 
the points A and G. A levelling staff is erected at A, the in- 
strument is set up and adjusted at B, another staff is also erected 
at C, at the same distance from B that B is from A, as nearly 
as can be judged by the eye ; the reading of the two staves are 




then noted ; the horizontal lines, connecting th6 staves with the 
instrument, represent the visual ray or level line of sight. The 
instrument is then conveyed to D, and the staff that stood at 
A is now removed to E, the staff C retaining its former position, 
only its graduated side turned to the instniment, and from 
being the fore staff at the last observation, it is now the back 
staff; the reading of the two staves are again noted, and the 
instrument removed to F, and the staff C to the point G, the 
staff at E retaining its position, now in its turn becomes the 
back staff, and so on to the end of the work, which may thus 
be continued to any extent. The difference of the readings of 
the staves at A and C will show the difference -of level between 
the points or stations A and C, because the visual line of the 
instrument is virtuallv level, and the same is true with respect 
to every two consecutive stations. 

EXAMPLE. 

Back sigh't on staff A 10-66 feet . 

Fore sight on staff C ; . . i 178 „ 



The fall from A to C M2 difference. 
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Because when the front reading is the greater the ground fails, 
and vice versd. 

Back sight on sUff C 13*36 

Fore sight on staff £ 9*16 

The rise from C to £ 4*20 difference. 

Subtract the fall from A to C . . 1*12 

The rise from A to £ 3*08 difference. 

Because the rise from C to £ is greater than the fall from A to 
i/, their difference shows the total rise. 

Back sight on staff £ 7*62 

Fore sight on staff 6 8*16 

The fall from £ to G '... 0*54 difference. 

This fall taken from the rise from A to £, that is, 

3*08 
0-64 

gives the total rise from AtoG 2*54, or nearly 2 

feet 6^ inches. 

The difference of the sums of the back and fore readings of 
the staves, will more readily give the difference of level between 
A and G : thus. 

Back sights. Fore sights. 

feet. feet. 

10*66 at A 11*78 at C 

13*36 at C 9*16 at £ 

7*62 at £ ' 8* 16 at G 

sums 31*64 29*10 

2910 

2*54 difference of level, the same as before. 

TO DRAW A SECTIONAL LINE OF SEVERAL POINTS IN THE 
earth's surface, THE LEVELS OF WHICH HAVE BEEN 
TAKEN. 

Let a, h, e, d, e,f, and p be the several points ; then, in order 
to draw the section to show the undulations of the ground be- 
tween a and p, the distances of the several points from a, in 
addition to their levels, must be taken ; this is' usually done, 
during the operation of levelling. These distances, with the 
back and fore sights, may be arranged in a level book of the fol- 
lowing form, which, though not the form practically used, will 
probably be more clearly understood. {See Ftp. page 124.) 
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LRVKL BOOK* 



Back 


Fore 


Fall 


Rise. 


Reduced 


Distances in Chains, 


Sights. 


Sights. 


Levels. 


and Remarks. 


8-50 


5-65 


2-15 




215 


4-60 at b on road. 


4-10 


10-85 


6-75 




8-90 


7-80 at c. 


504 


925 


4-21 




1311 


11-60 at rf. 


3-84 


12-91 


9-07 




22-18 


15-20 at e. 


412 


7-65 


3-53 




25-71 


bottom of canal, distance 2- 1 6 


10-49 


3-92 




6-57 


19-14 


21-00 at/. 


12-96 


303 




9-93 


9-21 


27 00 at flr. 


44-05 


53-26 


diff. 


44-05 


the s 


lame i 






9-21 


as the last of the reduced levels. 



In this level book it will be seen that the differences 2-15 
and 6-75, in the column marked Fall, are added togeth<;r, 
making 8*90, thus giving the fall at c, in the column marked 
Reduced Levels : to this sum the succeeding falls are added, 
one by one, till we get the fall 25*71 at the bottom of the canal, 
which is the lowest point. Then the differences in the column 
marked Rbe, are subtracted successively from 25^71 for the 
falls at /and ^; the latter of which is 9*21, the total fall from 
ataff, which, agreeing witli the difference of the sums of the 
back and fore sights, shows the truth of the castings. The 
last column shows the distances of the several points, b, c, &c., 
from a, in chains, with other remarks. 

DATUM LINK. 

The section might be plotted by laying off the distances 
in the last column in the preceding level book oii a horizontal 
line, and setting off their corresponding numbers of feet, in the 
column marked Reduced Levels, perpendicularly below the line ; 
but it is found inconvenient in practice to plot a section in all 
cases after this method^ as in extensive operations the reduced 
levels would repeatedly fall above and below the line in question, 
and thus confuse the operation ; therefore a line A 6, called *' the 
datum line," is assumed at 100, 200 feet, &c., below the first 
station a ; thus making that line always below the sectional line 
a/, of which a clearer view may be obtained. 

In the following practical level book the rise or fall is re- 
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spectively added to, or sabtracted from, ihe assnmed distance 
of the datum liBe, and the next rise or fall lagain added to, or 
snhdxacied &tHa, the aum or difference : — thus 2*15, being a lall, 
is fnbtracted inxm 100 (the assumed distance of the datum line) 
leaving 97*85 feet, the height of the ground at b ; the next fall 
6*75 is then sabtracted from 97*85, leaving 91*10 feet for the 
height at c; and eo on to'8*£8, wMidi is the lairt &11 : — the neg^t 
6*57, being a rise, is added, as well as 9*98 ;-T^ns the last se- 
duced level is 90*79 fecit, whicb taken from the datom 100 
leave 9-21 feet, agreeing with the differences of the sums of the 
.back and fose -sights, and of the snms of the rises ^d.falls, and 
showing the woi'k of easting to be correct. Thus are obtained a 
series if vertical heights to be eet off perpendicularly to the 
datum line, through the upper extremities of which the sectional 
line must be drawn. 



PRACTICAL LEVEL BOOK. 



(Datum line 100 feet below the bench mark at a.) 



Back 
Sights. 


Fore 

Sights. 


Rue. 


FaU 


deduced. 
Levels. 


• 

Dist- r» 1- 
«««^« Remarks, 
ances. 


feet. 

3*50 
4-10 
504 
3-84 
412 
10-49 
12-96 


feet. 

5-65 
10-85 
9-25 
12-91 
7*65 
3-92 
3-03 


feet. 

• 

6-57 
9-93 


feet. 

[ 2-15 
6-75 
4-21 
907 
3-53 


feet. 
IOO-OOd 
97-85 
91-10 
86-89 
77-82 
74*29 
80-86 
90-79 

10000 


chains. 

4-60 / ^ ^ ®° ^°*^ 
7-80 t to ^i^ie kilns. 

11-60 

15-20 r Bottom of 
.... < canal, distant 
21-00 [2-80 chains. 
2700 to B M at g. 

■ 

rdiff. between last 
< reduced level and 
I datum. 


44-05 


53-26 
4405 


16-50 


25-71 
16-50 • 


9-21 diff. = 9-21 = 


= 9*21. 



In laying down the sectional line from the above columns of 
reduced levels and distances, the former are always taken from 
a much larger scale than the Iktter, otherwise the undulations 
on the surface of the ground would in many cases be hardly 
perceptible. 

Draw the horizontal line A 6, setting off the distances A B, 
AC, &c., as in the column of distances, that is A B = 4*60 



duiu, A C = 7-80, &c., then draw A a = lOO feet, perpen- 
dicular to A O and parallel to A a draw B 6, G e, &e., setting 




off their heiEbts 97'85, Sl'lO, ftc.. reBpectively, from the column 
of reduced lerels, and through the pmnts «, b, e, &c., draw the 
required sectional line a g. 

Non. The *boTe operationt, thongh extremely rimple, require gieit ore, 
Otherwite, in citenrive KOrki of this kind, erron ereep in imperceptiblj, to 
check whicb the agreement of the differences in the leiel book ii euentiil. 



LEVELS FOR TBB FORMATION OF A SECTION. 

In this cue it is reauired to take the levels of a line of 
country, where the grouna plan is already made, and the line of 
section determined upon, and marked out on the plan. Here, in 
addition to what i» required in running or check leveki, the distances 
to the several stations of the levelling staves from the sUrting 
point must be measured. 

Two additional assistants are required in this case to measure 
the distances of the stave stations along the lines while the 
operation of levelling goes on, which is the same in every respect 
as that already described, excepting that, in this case, the opera- 
tion is conducted upon a line, on the surface plan, a copy of whicb 
must be in the surveyor's possession to direct him, and the dis- 
tauces of the several stave stations must be noted in the level 
book, in the column marked " Distances." 

The following is the level book of an example, showing the 
manner of keeping it, and also the method of redudng the levels, 
to obtain the actual heights of each station above the datum 
line, which is placed 100 feet below the starting point, for con- 
venience of drawing the section. The whole operation being 
■imilar to that already given at page 123, excepting that here 
we give the particular manner of performing the several parts 
of the field work, in order that it may be clearly understood by 
those who are unacquainted with the subject, as it is presumed 
that, in a short time, railways will become the common means 
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of transit, both for passengers and goods, throughout every countrj 
of the civilized world. 



THE LEVEL BOOK FOR PLOTTING THE SECTION. 

(Datum 100 feet helow the station a,) 



Back 
Sights. 


Fore 
Sights. 


Rise. 


Fall. 


Reduced 
Levels. 


Distances 


Remarks. 


feet. 


feet 


feet. 


feet. 


feet. 
10000 D 


links. 




1371 


7-88 


5-83 




105-83 


519 


B.M. side of road. 


9'40 


16-30 




6-90 


9893 


1315 




3-87 


1171 




7-84 


91-09 


1542 




263 


1241 




978 


81-31 


1850 




14-62 


095 


13-67 




94-98 


2358 


, 


1700 


1-45 


1555 




110-53 


2698 


- 


10-66 


15*40 




4-74 


105-79 


3357 




2-87 


1700 




1413 


91-66 


3758 




3-40 


10-32 




6-92 


84-74 


3976 




5-73 


2-24 


3-49 




88-23 


5077 




16-54 


0-85 


15-99 




103-92 


5904 




1608 


0-89 


1519 




11911 


6124 




14-56 


0-73 


1383 




132-94 


6437 




10-36 


14*06 




3-70 


129-24 


7467 




9-84 


1-36 


8-48 




137-72 


8369 




9-80 


7-00 


2-80 




140-52 


9303 




2-30 


10-96 




8-66 


131-86 




Centre of road at 215 


10-96 


14-46 




3-50 


128-36 


9679 


[Unks. 


2-08 


15-05 




1297 


115-39 


9936 




1-75 


16-58 




14-83 


100-56 


10164 




1-84 


17-10 




15-26 


85-20 


10576 




0*00 


7-43 




7.43 


77-87 


11423 


Forward at comer 


5-38 


3-50 


1-88 




79-75 


13066 


[of wood. 


8-50 


4-50 


400 




83-75 


14954 




5-30 


1-36 


3-94 




87-69 


15650 




10^0 


9-40 


0-80 




88-49 


17345 




6-86 


0-40 


6-46 




94-95 


19135 




11-00 


3-96 


704 




101-99 


19359 




11-80 


3-53 


8-27 




110-26 


19631 




1051 


2-68 


7-85 




118-11 


19841 


Forward at end of 


8-82 


1-98 


6-84 




124-95 


20561 


[wood. 


8-76 


2-20 


6-56 




13151 


21671 . 


b 


1400 


14-50 




0-50 


13101 




Road at 450 links. 


1450 


4-32 


1018 




141-19 


22710 


. 


9-14 
304-19 


100 


8-14 




149-33 
100-00 


23221 




254 86 


166*49 


11716 


,254-86 




11716 






f"T\Hlf».^m. 


1 A W% _ * 












Ditrerence oeiween i/aium 


49-33 


— 


49-33 


— 


49-33 


and last Reduced level, or 










. height of B above A. 
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The sereral differences of ihe sums of the back and fore sights, 
of the sums of the rises and falls, and of the last reduced level 
and the datum, exactly agreeing, proves the accuracy of the 
arithmetical operation in the preceding level book, all these dif- 
ferences being 49'3d feet, which is the height of the last station 
above the first. 

It is advisable for the surveyor to reduce the levels in the field 
as he proceeds, as^it will occupy very little time, and can be easily 
done while the staffman is taking a new position. The surveyor 
will thus be enabled to detect with the eye if he is committing 
any glaring error ; for instance, inserting a number in the column 
of rises, when it ought to be in that bf falls, the surface of the 
ground at once reminding him that he is going downward instead 
of ascending. 

It is seldom the case in practice that the instrument can be 
placed precisely equi-distant from the back and fore staves, on 
account of the inequalities of the ground, ponds, &c. ; it would 
appear, therefore, to be necessary, to make our results perfectly 
correct, to apply to each observation the correction for curvature 
and refraction as explained at page 118: this, we believe, is 
seldom done unless in particular cases, where the utmost possible 
accuracy is required, on accoant of the smallness of such cor- 
rection, as may' be seen by referring to the table at the end of 
the book, where this correction for 1 1 chains is shown to be no 
more than i^ part of a foot; and as the difference in the- dis- 
tances between the instrument and the fore and back staves can 
in no case equal that sum, it is evident that such correction may 
be safely disregarded in practice. Besides, it is not necessary to 
have the level placed directly between the staves while making 
observations, as it is frequently inconvenient to do so, for reasons 
just given, nor does a deviation from a line of the staves, in this 
respect, in the least affect the accuracy of the result. 

The distances in the sixth column of the level book are. 
assumed to be horizontal distances, and in measuring them, care 
should be taken that they are as nearly such as possible, or they 
must be afterwards reduced thereto, otherwise the sectioa will 
be longer than it ought to be. For the purpose of assisting the 
surveyor in making the necessary reduction from the hypothe- 
nusal to the horizontal measure, when laying down the section, a 
table is given in Baker's Land and Engineering Surveying, page 
146, shewing the reduction to be made on each chain's length 
for the several quantities of rise, as shewn by the reading of 
the staves. 

NoTB. For extensive information on this subject see Baker*a Land and 
Enffineermff Surteyinffi where an engraved plan and section, adapted to thia 
example, are given at the end of the work. 
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THE METHOD OF LAYING OUT BAILWAY CURVES 

ON THE GROUND. 

In railway practice, the cunre adopted is always an are of a 
circle, to which the straight portions of the railway are tangents 
at each extremity of the arc. Sometimes the curve consists of 
two, three, or more circular arcs with their concavities turned 
in the same or different directions, as in the compound and eer- 
pentine curves. 

Problem L 

To lay out a railway curve on the ground by the common 
method. 

Case I. — Let H A, g^ g^ he the tangental portions of a rail- 
way, the extremities A and q^ of which are required to be 
united by the circular curve A 9^, to which H A, ^^ q^ shall be 
tangents ; the radius, of the curve being supposed to be previ- 
ously determined. 

Let the radius 
in this case be 
80 chains or one 
mile; prolong the 
tangent' H A a 
distance A p = 
1 chain; then op- 
posite 80 in table 
No. 2, at the end 
of the book, is 
fouud4' 95 inches 
= 1? ^, which set oflF at right angles to A p, thus giving the first 
point in the curve. In the direction A 9, measure qp^^=^ \ 
chain, and set off |i, g, = twice |? y = 4*95 x 2 = 9*9 inches, 
at right angles to g |7, ; then g, is the second point in the 
curve. This* last operation must be repeated till the curve 
shaU have been set out to the point g^. Lastly q^^^p^ being 
measured = 1 chain, in the direction 9, 9^, the offset 175 9, will 
be found = 4*95 inches = the first ofi^t p q, thus proving the 
accuracy of (he work. In this manner the operation is con- 
ducted, whatever be the length of the curve. 

Case II. — Let A O = r, and d = A |i = 9 p, &c., which 
may be either less or greater than one chain ; then the general 

length of the first and last of&ets p q, Pb Ps is — , and the 

2r 

lensth of each of the other offsets is — , or twice the first or 

r 
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last offset ; but the length of the offiiets ffwea in the t&ble is 
represented bj — ; therefore, if A p, ^Pt9 Ac., be taken as 2, 

3, 4, SrCg chains, the value of — must be multiplied bj 2' :=s 

2r 

4, 3' = 9, 4* = 16, &c., respectirelj to find p q, and the re- 
sult, in each case, niultipUed ij 2 for each of the offsets |i, q^, 
Pb . q^f &e. In this manner the cnrre may be set out more 
speedily, and with less liability to error, on account of the less 
number and greater length of the lines required in the opera- 
tion. 



d' 1 
Let A O = r = 120 chains, and d = 4 chains ; then -. =— 

2r 2r 

X 16 = 3*3 X 16 = 52-8 inches 4 feet 4*8 inches =^pq; whence 

4 feet 8 inches X 2 = 4'8 feet 9*6 inches ^p^ 9,, p^ q^ = &c. 

NoTS I . When the cnnre has been correcUj set out, as in Case II., the inter- 
mediate stomps may be pat in at the end of erery chain, if reqoired, bj the 
method given in Case I. The distances of the intermediate stomps, thos pot 
in, will not, in most cases, exceed a fraction of an inch ; because the lengths of 
the offsets p q, p^ q^, to, is so small, that thq dbrvilinear lengths A^, q q^ 
ke., can nerer greatly esoeed those Ap, qp^ See. 

NoTB 2. The method given in Case II., is snfBciently aocorate wlien 9 does 
not exceed ^ of the radius of the cunre. Besides, at the closing point of the 
corre, as at q^, the distance q^p^ is most commonly less or greater than 8. Let 

q^p^^ d\ then the offset j?^ q^^ at the end of the curve is —^ ^^ ; and, 

2r 

when i mm\ chain, p^ q* ^i. L ; or the tabular number for the given 

2 r 

radios must be multiplied by (8 -»■ <f)tf,-or by (1 + d)d, according as A ji, qp^^ 

&c.,.i8 taken » 9 chains or 1 chain, to give the last offset p^q^i i of which 

is » j7^ ?6f ^^^ offset to the tangent q^ q^. 

EXAMPLE. 

Let r = 1 20, and d = 4 chains, as in the last example, and 
let q^'p^ = rf = 2*68 chains ; then p^q^^^ — X (fi -\- d) d ^s. 

3-3 X (4 + 2-68) X 2-68 = 5907 inches; f of which, viz,. 
29*535 inches is = J95 ^5. 

NoTB 3. \l^hen 8 exceeds ^ of the radius r of the curve, the following for- 
mula ought to be used for finding the oflbets. 

and^^a Ac- «• 



See Baker's Land and Engineering Surveying, page 164. 
Nora 4. By this method the greater {Mut of both British and foreign rati. 
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way curves have been laid out. It was iuTented by the authoi about 30 yean 
ago, when the Stockton and .Darlington Railway was laid out, and eagerly 
adopted by engineers as it involves very little calculation, and does not require 
the use of a theodolite. It is, however, defective in practice, on account of 
its requiring so very many short lines connected together, as errors will un- 
avoidably creep in and multiply, and more especially so where the ground it 
rough ; thus the curve has frequently to be retraced several times before it 
can be got right ; hence the author prepared the methods in the following 
Problem. 

Problem II. 

To lay nut a railway curve on the ground, by off^ete from its 
tangente, no obstructions being supposed to prevent the use of the 
chain on the convex side of the curve. 

Case I. — When the length of the curve does not exceed J of 
its radius. 

Let AB, DC be 
straight portions of a 
railway, the points C and 
B being required to be 
joined by a circular curye 
BC, to which AB, DC 
shall be tangents, the 
radius B O of the curre 
6eing supposed to be pre- 
viously determined froin 
an accurate plan of the 
intended railway. 

Range the tangents AB, DC till they meet at T; and let 
the radius B O = 80 chains = 1 mile ; measure on B T the dis- 
tance B ^ = 1 chain ; and, at right angles to B T, lay off the 
offset qp = 4-95 inches, by Table No. 2, as in Problem I. ; then 
p is the first point in the curve. Next measure ^ <^, = 1 chain, 
and lay off the offset p, q^ =4*95 X 4 for the second point in 
the curve. The successive offsets, at the end of every chain, 
being 4, 9, 1 6, &c., or 2\ 3^ 4^, &c., times the first offset p g, 
which may also be found opposite the given radius in the Table 
No. 2., as in Prob. I. 

When the offsets have been thus laid out, till the last one 
qsPs falls Uttle short of T ; lay off the same offsets on T C as 
were laid off in B T, but in an inverted order, making the first 
distance on T C = Tq^ ; thus completing the curve to C. 

NoTB. It can rarely happen in practice that the last offsets, from both tan- 
gents, will meet at the middle point p^ of the short curve, as shewn in the 
figure ; but will either intersect one another or fall short of the middle point ; 
but this is a matter of no consequence. ^^ 
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Let the radius of the cuire be 160 chains, required the offsets 
at the end of every chain, from the tangent to the cunre. 

p q per Table (No. 1.) =^ 2*475 inches. 

Pt ?« = 2*475 X 4 = 9*9 

Pi 9i = 2-475 X 9 = 22275 

PaU = 2-475 X 16 = 39-6 

&c. = &c. = &c. 

Case II. — To lay out the curve when it is any required length. 

In a long curve (of which there are some more than two miles 
in length) the tangents, if prolonged to their point of meeting, 
would necessarily fall .at a ereat distance from the curve, thus 
giving an inconvenient leneth to the ofi^ets, which in practice 
should never exceed two chains. To remedy this inconvenience 
the curve must be divided into two or more parts, by introducing 
one or more additional tangents, thus the offsets may be confined 
within their proper limits. Thus the tangent T C may, in this 
case, be extended, another tangent applied, and the offsets laid 
off, thus repeating the operation of Case I. a second time : if the 
curve be not yet completed, the operation may be repeated a 
third, fourth, &c., time, till it be completed. 

NoTB. For a complete development of this important subject, see Baker'9 
Land and Engineering Surveing, Part II., Chap. II., where two other methods 
of laying oat railway curves are given ; also methods of laying out compound, 
serpentine and deviation curves, with original formulae ; all of which methods, 
as well as the two already given, were first drawn up by the author. See 
page 179 of the work above referred to, where a short history of the inven- 
tion is given. See, also, Tate^i Geametrg, page 247. 



CONTENTS OF RAILWAY CUTTINGS, &c. 

TABLES. 

The General Earthwork Tables, in conjunction with Two 
Auxiliary Tables, on the same sheet, in Baket^s Railway En- 
gineering, or the numbers for the slopes in Bidder^s Tcible, are 
applicable to all varieties of ratio of slopes and widths of forma- 
tion level in common use ; and with the help of Barlow's table of 
square roots, these tables will apply to sectional areas, with all 
the mathematical accuracy that can oe attained, with very little 
more calcuktion than adding the conttots between every two 
cross-sections, as given by the General Table. — ^The contents in 
the General Table are calculated to the nearest unit, as are also 
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those in the Auliliary Table, No. 2, which is for the dedmfilB of 
feet in the depths. The Auxiliary Table, No. 1, shews the 
depths of the meeting of the side-slopes below the formation- 
level, with the number of cubic yards to be subtracted from the 
contents of the Grcneral Table for each chain in length, for eight 
of the most common varieties of ratio of slope. 

The following diagrams and explanations will further illustrate 
the method of taking the dimensions of railway cuttings, pre- 
paratory to using the above named tables. 

LetABDCcaSrf, bea railway 
cutting, of which A B D C, abdc 
are the cro^s sections, A B = ab = 
width of formation level, M M', m m! 
the middle depths of the two cross- 
sections ; the side-slopes AC, D B, 
a e b d, when prolonged two and 
two, will intersect at N and n, at 

which points the prolongations of . a n m 

M M', m m' will also meet, thus constitutms; a pnsm A B 31 
nab, the content of which is to be deducted from ^e whole 
content, iriven by the General Table, by means of the Table JNo. 
1. ; in which thte depth M'N = mn is also ^ven, as already 
stated, to several varieties of slope and bottom width. 

To place this subject in a more practical pomt of view, let the 
aiftiexed figure represent a longitudinal and vertical section of a 
cutting, posing through the middle AE of the formation level. 
H I, the Une^ the rails, and a A, the Ime on which the slopes, 
if prolonged, woidd meet. 
It will be seen that the 
cutting A 5 c rf E com- 
mences and runs out on the 
formation level A E, and 
that the depth A a = B « 
= C/ — &c., is to be added 
to the several depths B b, 
C c, D rf of the cutting, the 

first and last depth at A xv ♦!, 

and E being each = ; or, what amounts to the same thing, tne 
several depths must be measured from the line a h : thus A a, b e, 
ef, &c., are the depths to be used. And since the depth A a is 
given in Table No. 1, for all the most common cases, or ^ may be 
readily found by calculation for all cases, (see Rmlway Engineer^ 
ing), the line corresponding to a * must, therefore, be niled on 
the railway section, at the proper distance below A Ji., irom 
which the several depths must be measured j or the vertical 
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scale may be marked with Indian ink, (which may be readily 
rubbed off) at the same distance, and this mark may then be 
applied to the formation level A £, for the purpose of measuring 
the several depths. — In the case of an embankment, the line for 
the several depths must be placed at a like distance above the 
formation level. 

Problem I. 

The several depths of a railway cutting to the meeting of the side 
slopes, the width offormation levels and the ratio of the slopes being 
given, to find the content of the cutting in cubic yards, from the 
Tables referred to, the distances of the depths being one chain each. 

Rule. — ^Take the several quantities, corresponding to every 
two succeeding depths of a cutting, or embankment, measured to 
the meeting of the side slopes, at the distance of 1 chain each, 
from the General Table in Bake/s Railway Engineering^ and 
multiply their sum by the ratio of the slopes ; from the product 
subtract the cubic yards, corresponding to the given bottom 
width and ratio of slopes from Table No. 1 ., multipUed Jby the 
whole length of the cutting, and the remainder will be the con- 
tent of the cutting in cubic yards. 

But, when the distances of the depths are greater or less than 
1 chain, the quantities of the General Table must be multiplied by 
their respective distances. — And, when the distances are given* in 
feet, the quantities mast be multiplied by those distances, and the 
final result divided by 66 for the content in cubic yards, as in the 
following 

EXAMPLES. 



1. Let the depth of the rulway cutting 
or embankment to the meeting of the 
side-slopes, at the end of every chain, be 
as in the following table, the bottom- width 
30 feet, and the ratio of the slopes as 2 to 
1 ; required the content in cubic yards. 

NoTB. In the annexed table the quantity 1238, 
eorresporids to the depths 10 and 33 feet, in the 
General Table ; the quantity 3175 to the depths 
33 and 39, and so on for the succeeding depths. 
By the Auxiliary Table No. 1, it will be seen, that 
the depth to be added below the formation level, 
for the given width and ratio of slopes, is 7*50 «■ 
7i feet, therefore, the cutting begins and ends with 
a depth of 10 — 7i » 2| feet. The corresponding 
Dttmberof cubicyards,tobe dedaeted for each chain 



Ditt. in 
chains. 



Depth 
In feet. 




100 
200 
300 
400 



10 
33 
39 
35 
10 



Qnte.per 
G. Table. 



1238 
3175 
3350 
1355 



For slope 1 to 1..9128 

2 



For slope 2 to 1. 18256 
Subtract 



275 X 4 

Content in 



- 1100 



cubic yds./ -17156 



RAILWAY CimiNGS. 



133 



In length, is multiplied by 4 eluuns the whole length of the oatting, thui 
.giving the whole quantity to be deducted, the femalndor being the tnio 
content in oublo yards of the cutting. 

2. The several depths 



Produots for Dist | Total 
gnateBthanlohaixi. quaatiUea. 





1-00 

200 

4-00 

600 

700 

8-00 

1000 

1200 

1300 

14*46 



1284 X 2 
8091 x 2 



6520 
4971 



X 

X 



2 
2 



of a railway cutting to the DUt in DeDtha 
meetingof the side slopes ®****^ infoofl 
are as ia the annexed 
table, the bottom width 
being 30 feet, and the 
ratio of the«lopes 1^ to 
1 ; required the content 
9f the cutting. 

NoTH. When any of the dis- 
tancea between two succeed- 
ing depths is greater or lees 
than 1 chain, the correspond- 
ing quantity from the (General 
Table must be multiplied by 
that particular distance ; as the 
distances between the depths 
20 and 26, and between 32 and 
89, fta, tiie distance bein^ 2 
chains. The last distance, viz., 
that between 30 and 10, is 1'49, 
hi this case 2 figures must be ont off for decimals, after mnltiplying. 

3. Let the depths of a 



10 
16 
20 
26 
82 
89 
46 
60 
40 
80 
10 



1069 X 1-46 



420 
705 
2486 
1996 
6182 
4819 
11040 
9942 
8016 
1646 



For side slopes 
For side slopes 



Itol 41741 

itol 20870 



For side slopes 14 to 1 62611 

866-67 X 14-46 » 6802 



Content in cubic yards 67809 



Diat in 
feet. 





90 

178 

278 



Depths 
Inieet. 



87 
60 
61 
89 



Quantitiea multi- 
plied by length. 



4660 
7564 
6210 



90 

88 
100 



Total 
quantitlaa. 



419400 
664762 
621000 



For slopes 1 to 1 
For slopes { to 1 



1705162 
852576 



For slopes U to 1 2567728 

866-67 X 278 » 101938 



railway cutting to the 
meeting of the side slopes, 
and their distances in feet 
be as in the annexed table, 
the bottom width 30 feet, 
and the ratio of the slopes 
1 ^ to 1 ; required the con- 
tent in cubic yards. 

NoTH. When the distances 
are in feet the quau titles from 
(General Table must be re- 
spectiyely multiplied by their 
distances, the quantity from 
Table No. 1, by the whole dis- 
tance, and the result divided 
by 66, the feet in 1 chain, for the content in cubic yards. 

Problem IL 

Case I. — Tha arcM of two ero$$ sections of a railway cutting 
to ^ intersection of ike side slopes, its Ungik in chains, bottom 
widths and the ratio of the slopes are given ; required the content 
of the cuttingin cubic yards^ 

Rttle. — ^With the square roots of the given areas as depths 



66)2456796 



Content in cubic yards 37209 
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find tbe eontent from the G«ienl Tabk, as in die last Firoblem, 
from which snbtract the quantity answering to the giren width* 
and the latio of side slopes from Table No. 1, and the remainder, 
being multiplied bj the length, will be the content required. 

Non. IfthelengUibepTenmfeal^piroceedaainEbLampleSyUMitFlroblfiiii. 



1. Let the two sectional areas of a catting be 4761 and 1296 
square feet, the bottom width 36 feet, the length 3*25 chains, 
and the ratio of the side slopes 2 to 1 ; required the content in 
cubic yards. 

y/4m = 69 1 ^^te^t p^y General Table 6959 
s/1296 =36^ 



For bottom width 36 and slopes 2 to 1, per 
Table No. 1 



} 



Ck>ntent for 1 chain in length 



396 
. 6563 

19689 
1641 



Content for 3*15 chains 21330 cubic yds. 

Case II. — In meatwring contract work, where great accuracy 
it required, the -jijfths of a/jot^ or second decimaU, must he used 
in the eatculationt by taking for them ^th of their respective 
quaniities in Table No. 2. . 

EXAMPLE. 

The areas of seven cross sections of a 
railway cutting to the meeting of the side 
slopes .and their distances are as in the 
annexed table ; the bottom width is 30 feet, 
and the ratio of the slopes 1^ to 1 ; required 
the cubic yards in the cutting. 

Ans. The content, per General Table, 
and Table No. 2, is 172318 cubic yards, 
from which the quantity correspondmg to 
the given bottom width and ratio of slopes 
X by the whole length, riz. 275 x 18 =s 4950 cubic yards 



DiBt.m 


Areas in. 


chains. 


sq. feet. 





2727 


2-00 


8136 


6 00 


4221 


9-00 


4100 


14 00 


514) 


1600 


8759 


1800 


2161 
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miMt be deducted, wbieh leaves 167568 cubic yards, the ocmtent 
required. 

KOTB. For farther ezplaDlitioiui and numerous examples of the methods 
of finding the contents of earthwork, see JBaker'i Land omd Mnffin§ming 
Survqfimg, See, also^ IWf Oeometrjff page 252. 



GENEBAL RULE FOR FINDING THE CONTENCT 

OF SOLIDS. 

The wedge, the prismoid, the pyramidB, and their fhistums; 
the whole or a segment, or any portion of the whole, contained 
between two parallel planes perpendicular to the axis of a sphere, 
of an ellipsoid, of a paraboloid, of an hyperboloid, may be found 
by the following general formula. 

Let A and B be the areas of the ends of the solid, C the 
area of a section parallel to and equidistant from the ends, and 
L the distance between the ends ; then 

Tu K^* A-f B^4C _ 
The sondity = g X L : 

The following investigation of this very general Rule was given 
by B. Oomperiz^ Esq., F.R.S., &c., in the Gentlemen's Mather 
fnatical Companion for 1822. 

Let X be the variable distance from a given point of anothei 
section parallel to the two ends, and a, S, c be given quantities, 
the area of the said section will be a + ^ d? + c o;^, as this will 
43ontain the cases of the sections of the solids, enumerated in 
the Rule ; for instance, in the pyramid or cone, the area of the 
section may be expressed by c or, in the wedge the areas may be 
expressed by a -f- 6 « -f c d^, a, &, c being constant for the 
same point and wedge for any parallel section to a plane given 
in position, as long as the section has the same number of 
sides. In the paraboloid all planes perpendicular to the axis, 
if the given point be the vertex, will have the areas of their 
sections expressed by h x. In the ellipsoid or hyperboloid, the 
point being in that vertex of the axis about which it is re- 
volved, the area of the sections may be expressed hy h x •\- c x^, 
e being negative in the ellipsoid and positive in the hyper- 
boloid. And I observe from the method of equidistant ordi- 
nates in curves, or of sections in solids, see the method of 
di£rerenceS| if A, B represent the areas of the two ends, C the 
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area of the section in the middle hetween them, and L the 
length; then 

The »oKdity= ^ ^- B -h 4 C ^^ Q. E. I. 



E3tAMPLES ON THV FOREGOING EUIJE. 

« < 

l?The length of a railway cutting is 5 chains or 110 yards, 
the top width and depth at one end are respectively 120 and 
30 feet, the top width and depth at the other end are respec- 
tirely 90 and 20 feet, and the bottom width 30 feet; required 
the content of the cutting in cubic yards., 

Jns. 20777i cubic yards. 

2. Required the content of a sphere, the diameter of which is 
12 feet. Ant. 335 104 cubic yards. 

Note. Here the areas of the extreme sectionfl are each = 0. 

3. A cask is in the form of the middle zone of a sphere, its 
top and bottom diameters being 34 inches, and its height 30 
inches, inside measure ; how many gallons will it hold ? 

Ans. 149-22. 

4. How many gallons are contained in a cask, in the form of 
the middle zone of a spheroid, the bung and head diameter being 
40 and 32 inches, and the length 36 inches, all internal measures ? 

Ans. 143^ imperial gallons. 

5. How many cubic feet are there in a parabolic conoid, the 
neight of which is 42, and the diameter of its base 24 inches T 

Ans. 5*4978 cubic feet. 

6. A 5 inch cube of irory is turned into a sphere of the same 
diameter; what weight of ivory will be lost, its weight being 
1820 ounces (Av.) per cabic foot ? Ans. 61*44 ounces. 
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FABLB No. L^THB ARBAS OF BSGMBNT8 OF CIBCUC8. DIAMETBB UNITr. 



Height. 


Area Segment. 


Height. 


Area Segment 


Height 


Aim Segment. 


•001 


•000042 


•060 


.014681 


•099 


•040276 


•002 


•000119 


•061 


•016119 


•100 


•040876 


•003 


•000219 


•062 


•016661 


•101 


•041476 


•004 


•000337 


•063 


•016007 


•102 


•042080 


•005 


•000470 


•064 


•016467 


•108 


•042687 


•006 


•000618 


•066 


•016911 


•104 


•048296 


•007 


•000779 


•066 


•017369 


•106 


•018908 


•008 


•000961 


•067 


•017831 


•106 


•044622 


•009 


•001135 


•068 


•018296 


•107 


•046189 


•010 


•001829 


•069 


•018766 


•108 


•046769 


•Oil 


•001638 


•060 


•019289 


•109 


•046381 


•012 


•001746 


•061 


•019716 


•110 


•047006 


•018 


•001968 


•062 


•020196 


•111 


•047682 


•014 


•002199 


•063 


•020680 


•112 


•048262 


•016 


•002438 


•064 


•021168 


•118 


• •048894 


•016 


•002686 


•066 


•021669 


•114 


•049628 


•017 


•002940 


•066 


•022164 


•116 


•060166 


•018 


•003202 


•067 


•022662 


•116 


•050804 


•019 


•003471 


•068 


•023154 


•117 


•061446 


•020 


•003748 


•069 


•023659 


•118 


•062090 


•021 


•004031 


•070 


• '024168 


•119 


•062736 


•022 


•004322 


•071 


•024680 


•120 


•063386 


•023 


•004618 


•072 


•025195 


•121 


•064036 


•024 


•004921 


•073 


•026714 


•122 


•064689 


•025 


•006230 


•074 


•026286 


•128 


•066346 


•026 


•006646 


•075 


•026761 


•124 


•066003 


•027 


•006867 


•076 


•027289 


•125 


•066663 


•028 


•006194 


•077 


•027821 


•126 


•067326 


•029 


•006627 


•078 


•028366 


•127 


•067991 


•080 


•006866 


•079 


•028894 


•128 


•068668 


•081 


•007209 


•080 


•029485 


•129 


•069327 


•082 


•007668 


•081 


•029972 


•130 


•069999 


•038 


•007918 


•082 


•030626 


•131 


•060672 


•034 


•008278 


•088 


•031076 


•132 


•061348 


•086 


•008698 


•084 


•031629 


•188 


•062026 


•086 


•009008 


•086 


•082186 


•134 


•062707 


•087 


•009883 


•086 


•082745 


•186 


•063389 


•088 


•009768 


•087 


•088307 


•186 


•064074 


•039 


•010148 


•088 


•033872 


•137 


•064760 


•040 


•010637 


•089 


-034441 


•188 


•066449 


-041 


-010931 


•090 


•036011 


189 


•0G6140 


•042 


•011830 


•091 


•036686 


•140 


•066883 


•043 


•011734 


•092 


•036162 


•141 


•067628 


•044 


•012142 


•098 


•086741 


•142 


•068225 


•045 


•012664 


•094 


•087323 


•148 


•068924 


•046 


•012971 


•096 


•087909 


•144 


•669625 


•047 


•013892 


•096 


•088496 


•146 


•070828 


•048 


•013818 
•014247 


•097 


•039087 


•146 


•071088 


•049 


•098 


•089680 


•147 


•071741 



NoTB. When the tabular height exceeds the heights given in this Table 
the segment must be divided into two equal parts and their oommon versed 
sine found by Prob. VL, page 26. The tabular heights will then &11 within 
this Table, whence the area of the whole segment may be found. 
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or I*KfXLB rOR CUKTATirRE. ETCL 




1 




BKal- 


-OAeCs aft Oe flod of ths fixae dn 


mfrooB tangBiit point 






MtOkm 


ntAemtmd 


Badioa 


Oflbatain 


^m^firr' 


OfiBtam 


Bafiaa 






oieisrw9 i 


atear^i 


Befaaaand. 


of caava 


iBcboaMd 


of carva 


iBckcaand 




ladiM, 


ifarimato. 


mekam. 


dacaula. 


iaeiiBa. 


dadaain. 


Baahaa. 


deeiBafa. 




40 


9*9000 


64 


61875 


8S 


4'SOOO 


120 


3-3000 




41 


9^88 


65 


9K)923 


89 


4'449« 


1-42 


3-2459 




4t 


9-4-/85 


66 


60000 


90 


4-4000 


124 


31935 




43 


9-2093 


67 


5-9104 


91 


4-3516 


125 


31680 




44 


90000 


68 


5-8235 


92 


4-3043 


1?6 


31428 


45 


8-8000 


69 


5-7391 


93 


4-2581 


128 


3-0937 


46 


8-8087 


70 


5-6571 


94 


4-2128 


130 


3-0461 


47 


84-255 


71 


5-5774 


95 


41684 


132 


31XH)0 


48 


8-2500 


72 


5-5000 


96 


41250 


134 


2-9552 




49 


s-o&is 


73 


54246 


97 


40825 


135 


2^333 




50 


7-9200 


74 


5-3513 


98 


4-0408 


136 


2-9117 




51 


7-7647 


75 


5^00 


99 


4-0000 


138 


2-8645 




52 


7-6154 


76 


5-2105 


100 


3-9600 


140 


2-8285 




5S 


7-4717 


'77 


5-1428 


102 


3-8824 


142 


2-7887 




54 


73333 


. 78 


5-0769 


104 


38077 


144 


2-7500 


• 


55 


7-2000 


79 


5-0126 


105 


3-7714 


145 


2-7310 




56 


7-0714 


80 


4-9500 


106 


37358' 


146 


2-7123 




57 


6-9473 


81 


4-8889 


108 


3-6667 


148 


2-6756 




58 


6-8276 


82 


4-8292 


110 


3-6000 


150 


2-6400 




59 


6-7118 


83 


4^711 


112 


3-5352 


152 


2-6052 




60 


6-6000 


84 


4-7143 


114 


3-4736 


154 


2-6714 


di 


6-4918 


85 


4-6588 


115 


8-4435 


155 


2-5548 




62 


6-3871 


86 


4-6046 


116 


3-4138 


166 


25384 




6$ 


6-2857 


87 




4-6517 


118 


3-3599 


158 


2-6068 






TABLE or 001 


IRBCnONI 


9 FOB CI 


TBYATUSI 


's, Bia 






Wo. a,-! 
tnM 


MftreiMa batwMii 1^ 
l«V0l for dtotncas in 


parent and 


Ka4.— ] 
tnu 


lerel for dii 


Btween ap 
itanoeain 


parent and 
Tnil^wf. 




Coi 


reeUoa in dodmaia oi 


feet 


Corr 


action in fei 


si and de 


cimala. 




PtoUuiee 


Forearm^ Distanoo 


Por eorva' 


OTiatance 


For cnm^ 


Diatanoe 


For enrya- 




in 


tan and in 


tureand 


in 


tore and 


in 


toreand 






refraction, ehaina. 


refraction. 


milea. 


refraction. 


nulea. 
10 


refraction 




3i 


•001 14 


•017 


1 


•08 


6717 




4 


•002 


HI 


•019 


•15 


104 


61-30 




4i 


'002 


15 


•020 


} 


•82 


11 


69-16 




5 


•003 


151 


•021 


1 


•68 


114 


7569 




^ 


•008 


16 


028 


11 


1-29 


12 


82-29 




d 


•008 


16i 


•024 


2 


2-29 


121 


89-29 




61 


•004 


17 


•026 


2i 


8-67 


13 


. 96-68 




7 


•004 


171 


-027 


3 


5-14 


181 


104-14 




71 


•006 


18 


•029 


31 


700 


14 


112-00 




8 


•006 


181 


•081 


4 


9-16 


1^ 


120-15 




H 


•006 


19 


•083 


H 


11^62 


15 


128-67 




9 


•007 


191 


'084 


5 


14-29 


16i 


137-29 




01 


•008 


20 


•086 


H 


17-30 


16 


146-29 




10 


•009 


201 


•038 


6 


20^68 


161 


166-67 




101 


•009 


21 


•089 


0* 


24-15 


17 


16615 




11 


•Oil 


211 


•041 


7 


28^01 


171 


176-00 




iM 


•012 22' 


•043 


n 


8216 


18 


18614 




12' 


•018 221 


•046 


8 


86-69 


. 181 


196-69 




121 


•014 28 


•047 


, 8* 


41-31 


19 


206-29 




18 


•016 231 


•049 


' 9 


46-30 


191 


217-29 




181 


•016 24 


•051 


H 


61-60 


20 


228-60 
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jl tabus for mbashaino timber. 



Quaxter 
Girt. 


Area. 


Quarter 
Girt. 


Area. 


Quarter 

Girt 


Area. 


IhchM. 


Feet 


Inches. 


Feet 


Indiea. 


Feet 


« 


'260 


12 


1000 


18 


2250 


6J 


•272 




1042 


18i 


2876 


6i 


•294 


1058 


19 


2-506 


61 


•817 


12i 


1-129 


19J 


2640 


7 


•840 


18 


- 1-174 


20 


«-777 


n 


•864 


13i 


1-219 


204 


2-917 


7| 
71 


•890 


18i 


• 1 265 


21 


8-062 


•417 


18» 


1-818 


21i 


8209 


8 


-444 


14 


1-861 


22 


8-862 


8: 


■ 


•472 


14i 


1-410 


22i 


8516 


8; 


■ 


•501 


14i 


1-460 


«8 


8-673 


8] 


t 


•531 


141 


1-511 


23| 


8 885 





•662 


16 


1-562 


24 


4-000 


H 


•594 


15J 


1-615 


24| 


4168 ^ 


9| 


•626 


15^ 


1-668 


25 


4-840 


v)» 


•659 


15J 


1-722 


25| 


4-516 


10 


•694 


16 


1-777 


26 


4-694 


lOJ 


•730 


16i 


1-838 


26i 


4-876 


lol 


•766 


]6i 


1-890 


27 


5-062 


10) 


•803 


16} 


1-948 


27i 


5-252 


11 


•840 


17 


2006 


28 


5-444 


111 . 


•87^ 


171 
17} 


2-066 


281 


5-640 


•918 


2126 


29 


6-840 


Ill 


•959 


17» 


2187 


29^ 


6044 



KuLE. — Multiply the area corresponding to the quarter girt 
in inches, by the length of the piece in feet, and the product 
will be the solidity. 

Note. It may Bometimes happen that the qaarter girt exceeds the limits of 
the table ; in this case, take half of it, and four timta the content thus foand 
will g;ive the required content. 

XXAMPLE8. 

1. If a piece of round timber be 11 feet long, and the 
quarter girt 13^ inches, what is the solidity ? 

Ans, By the table the area corresponding to the quarter girt 
13^ is 1*265 ; which, multiplied by 11 feet, the lengUi, will give 
139*15, or IS feet 11 inches nearly. 
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2. A piece of roniid timber 21 feet long, and the quarter 
girt 15| inches, how many feet are contained therein ? - 

Ans. 33-915 /ce«. 

. 8. How many solid feet are there in a tree which is 35 feet 
in lengthy its quarter girt being 10^ inches ? 

Ans. 25-650 feet. 

» 

4. How many solid feet in a tree 32 feet long, its quarter 
girt being 8 inches ? jln«. li'208/cc^ 

5. How many solid feet in a tree 8^ feet long, its quarter girt 
being H inches ? Am, ^'55^ feet. 

6. Required the content of a tree, whose length is 36 feet, 
and the quarter girt 26^ inches. Ans, 171*536 /ee^. 

7. What is the solid content of a piece of timber whose 
length is 15 feet, and quarter girt 13f inches ? 

Ans, 19-695 /ec*. 

8. Required the content of a tree whose length is 26 feet 9 
inches, and quarter gi^ 14^ inches. Aiu, 40*418 ,^;ef. 



INDEX. 



Acute ngte defined, L 

Acute aa^ed triangle defined, S. 

Addition, tign for« 18. 

Aa^e defined, 1; acute, defined, 1; 
obtoBe, defined, 1 : right, defined, 1 ; 
measure of, tenn detcribed, 8. 

Anfl^e, pnblema oo the:~to divide an, 
into two parts, 7 ; to set off an, to con- 
tain ft given number of degree, 7 ; to 
measure an, contained by two straight 
lines,?. 

Angles, measurement of, 8 ; of pdygona, 
to find the, 10 ; verticaUy opgoBite are 
equal : theorem, 16. 

Arc of a circle defined, 8. 

Arc of a circle, problems :— the chord and 
hekjfat being ^en, to find the diameter 
and chord df naif the arc, 26 ; formuln 
and examples, 26 ; to find the length <rf 
any, 28 ; formnln and examples, %. 

Arched roof, to ihid the concftve surface 
of an, 90 ; examines, 90 ; to find the 
solid content of, 90 ; examples, 90. 

Area, to find the, of irregular figures, 60 ; 
examples, 50. 

AitiflceTB* woric, mettiods' of measuring, 
80; Inicklayers*, 80; carpenters', 83; 
gUuders*, 88 ; joiners*. 83; masons\82; 
painters', 88 ; paviours*, 89 ; plasterers*, 
87 ; pltmibers*, 89 ; slaters*, 86 ; tilers*, 
86. 

jjds of ft pyramid defined, 58 ; of ft soUd 
defined, o8; of ft sphere defined, 63. 

Bodv, regular, definition of, 64. 
JBricklayefs* work, method of measuring, 

80; diimneya, 80 ; doors, 80 ; walls, 80; 

windows, 80. 
Biickworit, rod off, deecifbed, 81 ; method 

of measiiring ex^ained, 81 ; example, 

81. 

O ai pe nt ers* ot sliding rule described, 78 ; 
scales of the, explained, 78. 

Oarpentem* or sliding rule, problems iHus- 
strating the use (»:-~(l.) To multiply 
numbers together, 74. (2.) To divide 
Vy the, 74. (3.) TV> square any num- 
ber by the, 74. (4.) To extract the 
square root, 75. (6.) To find a mean 
proportional between two mumbers, 76. 



(6.) To find ft third proportional to two 
numbers, 76. (7.) To find ft fourth 
proportional to three numbers, 76. 

Carpenters* work, method oi measuring, 
83 ; doors, 84 ; joists, 83 ; partitions, 88 ; 
roofing, 84; staircases, 84 ; balustnde, 
84 ; wainsootinff , 84 ; window-shutters, 
85 ; examples, 86. 

Chain, Ounter's, described, 92; method 
of using, 94 ; land surveying by the, ex- 
Chain and cross, laadsnrveying wit^ de- 
scribed, 97. 

Chinmey, method of oompntiQg the bride- 
work of a, 80. 

Chord, term defined, 3. 

Circle, definition of, 3 ; arc of described, 
8; diameter of, defined 3 ; divisions ci, 
described, 3 ; radius, term defined, 8l 

Circle, problems on the : — to find the cei^ 
tre of a, 8 ; to describe the drcumf ei>- 
ence of a, through three given points, 8 ; 
to draw a tangent to a, uroug^ a siven 
point, 8 ; to fiad the diameter and cir- 
cumference of a, the one from the 
other : f (nmula and examples, 26 ; in 
a given, to inscribe any regular poty- 
gon, or to divide the circumference into 
any number oi parts, 10 ; in or about a, 
to describe a square or an octagon, 12 ; 
in a, to describe a trigon hexagon, or a 
dodecagon, 12 ; in a, to inscribe a pen- 
tagon or decadon, 13 ; example, 13; to 
inscribe a, in a given trihngle, 11 ; to 
describe a, in or about a given square, 
11; examide, 12; to circumscribe a, 
about a given triangle, 11 ; example, 
11 ; about a, to circumscribe any regular 
polygon, 10 ; to ihid the area when the 
ramus or haU diameter is given, 42; ex- 
amples, 42 ; when the circumference is 
given, 42. 

Circle, arc of a, the chord and height 
being ^ven, to find the diameter and 
ch<nd ^ half the arc, 26. 

Circle, arc of a, to find the length of any, 
28 ; formulB and examples^ 28. 

Circle, segment of a, to find the area off, 
45 ; f(«mul« and examples, 45. 

Circle, sector of a, to find the area of, 18{ 
f orrnul* and examples, 49L 
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Oireles, eonoentrie, to ftiid ttie area In- 
cluded between two, 47 ; fonndUe and 
examples, 47 ; tablet of areaa of sell* 
mentii 187* 

Oompanea deeoiibed, 9S. 

Ckme defined, 63; to find the solidity of 
an^, 58 ; to Hod the oonTez smf ace of 
a right, 08 ; fomralse and examplee, 68. 

Cone, ffuslnim of a, to find the sdid con- 
tent of a« 80 ; formoltt and eicamples, 
80 ; to ftad the convex surface, 61 ; 
rolea and examples, 6L 

Oroes described, 9-^ 

Cube, deflnitica of, 68; problem relating 
to the. 66 : to find the soUdity. of, 66 ; 
formula and examples, 66. 

Cube root, symbol of, described, 18. 

Omrature, oorreetioB for, descrCbed, 118 ; 
table of corrections for, 138. 

Curves, railway, method of laying out de- 
scribed, 127 ; forms of, explained, 137; 
to lay out a curve by the common 
method, 137; «camples, 138; to lay 
out a curve by oflsets from its tangents, 
129; examples, ISO:— (1.) When the 
length does not exceed one quarter of 
ita radios, 139. (2.) When it is any 
required length, 130 ; table of ofBwta 
for, 188. 

Cuttings, railway, to find the contents off, 
180 ; tables described, 130 ; to take the 
diameter, 131; to find the contents 
from the depth, 132 ; examples, 132 ; to 
Ibid the oontent fmn the sectional 
areas, 138 ; examples, 134. 

Cj^der described, 68 ; to find the so- 
lidity of anv, 67 ; f ormnlB and exam- 
ples, 67 ; to find the area off the surface. 
67. 

Datum, line, use of, explained, 133. 
Decagon, to inscribe tL, in agiven circle, 

18. 
Degree, term described, 8. 
Diameter of a circle defined, 8. 
Division, sign for, described, 18. 
Dodecagon, to describe a, in a given 
' circle, 12. 

Dodecahedron, described, 64. 
Dome, to find the surface and solidity of a, 
height and base given, 9V; examples,.frl. 

Ellipse, to draw an, 16 ; with thread, da- 
scribed, 16. 

Ellipse, {nroblems relating to the ;— to con- 
• struct a figure resembling an, by circu- 
lar ares mm. four centres, 14; to de- 
scribe a true, 16 ; given any three of 
the four following parts td find the 
fonrth: traverse axis, conjugate axis, 
the abaeissa, and the ordinate, 31 ; to 
find the area off an, 48 ; formulB and 
eiamwies, 48 ; given the axis to find 
the dreemfefenee, 32; formul* and 
•xamplea, 82 ; sasment of an, to find 
the area Uie chord of which is parallel 
to one of the axis, 48 : examples, 48. 

Engineering, surveying, 116; levelling, 
term defined, 116, practice of, described. 



120 ; ittstrmnents described, 116 i T> 
levd, 116 ; levelling staves, 118 ; cor- 
rection of curvature, 118 ; for refrac- 
tion, 119; contents of railway cuttings, 
130; method of laying out railway 
curves, 127. 

Equality, sign for, 18. 

Equilateral triangle defined, 2. 

Estates, method of surveying laxge, bj 
the chain, described, 113. 

Exercises, promiscuous, 63. 

Field book described, 96; method of en- 
tering notes, 96 ; example of, 180. 

Fields, fouaaided, method oi surveying 
with chain and cross, 100*; to find the 
content, 100 ; examples, 100* 

Fidds contained by more than four sides, 
method of surveying with chain and 
cross, described, 101 ; to find the oon- 
tent, 101 ; examples, 101. 

Fields, included bv curved sides, method 
of surveying with chain and crass, da- 
scribed, 104 ; examples, 106. 

Fields in the form of tra^ieziams, method 
of surveying with cham and cross, 99 ; 
examples, 99. 

Fields, triangular, to measnra with chain 
and cross, described, 98 ; construction, 
98; to find the content, 98 ; examples, 

VO. 

Fields, fonr-sided, method <rf surveying 
with chain alone. 111 , examples. 111. 

Fields with more than four sides. 111 ; 
examples, 112. 

Fields, txianguhir, to survey with chain, 
108; examples, lOB. 

ngures all sinailar are like'to one another, 
as the squares (tf their homologous or 
like sides : theorem, 17. 

Frustrum, term defined, 64 : paralxdic, to 
find the area of a, 49 ; f ormulw and ex- 
amples, 49. 

Geometrical theorems, 10. 
Geometry, practical problems, 4. 
GlazierB* work, method of measuring, 88 ; 

examides,88. 
Globe, to find the oontent of a, 66 ; for- 

mulB and examples, 65. 
Gravatt's levelling staves described, 118. 
Gunter's chain described, 92 ; method of 

using, 94. 

Heiflht of a pyramid, term defined, M; 

of a solid, term defined, 64. 
Heptagon described, 8. 
Hexagon defined, 3 ; to form a, on agiven 

line, 9; to describe a, in a j^vea. circle, 

12. 
Hexahedron described, 64. 
Hyperbola, to construct a, 16 

Icosahedron described, 64. 
In-egtilar p^Tamid defined, 64. 
Isosceles triai^le defined, 2. 

JToiners' work, measurement of, see Cfar- 



148 



Zi«nd ■we^nff, 0f ; ditdiet, metbod off 
measiiriiiff, 06; poods and riTen, 
method ot vmmabig, M ; twaodariM, 
04; field book described, 96; iostra- 
ments described, 92, 96; method off 
mMmaring lines on the aronnd, 98; 
planning surrey, describe^ 96. 

Liuid sonreyinff with chain and cross, 87 ; 
triangular Adds, 98 ; fields in the form 
off timecinBis, 99; foor-sided fields, 
100; fields contained by mote than 
four sidesi 101 ; field, indnded by onrred 
■ides, 104 ; to measure a line aoicas a 
liver, 107. 

Land ffurveyins with chain onlv, 108; 
triangular fieMs, 108 ; four^idea fields, 
111 ; with more than four sides. 111; 
parishes and large estates, 113w 

Level book, examples of, 1S3, 198, and 
135. 

Levelling, term delfaied, 115; iastm- 
menta described, staves desoibed, 118 ; 
nse of, described, 120 ; practiee of, de- 
scribed, 120; to find the diiferenues of 
levels off several points, 190 ; to draw a 
ieotional line of several in the earth's 
snrfaoe, the levels off which have been 
taken, 12L 

Levelling, practice off, levels fm* the for- 
mation of a section, 194; example off 
level book, 196. 

Line defined, 1 ; datom described, 123 ; 
light definirion off, 1 ; straight, defined. 

Lines, mensuration of, 19; application off, 

19 ; parallel, described, 1. 
Linear measure, table of, 19, 97i 
Lone, to find the are4 off a, 47; exam- 
ples, 48. 

Masons* work, method off measuring 89 ; 
examples, 88. 

Mensuration described, 1 ; of Unes, ap- 
plication of, 19. 

Mensnratian, problems, 19; of soUds, 
63 ; of stirf aces, 84. 

Minute, defined, 8. 

Miscellaneous exercises, 53. 

Multiplication, symbol for, described, 18. 

Oblique prism defined, 58 ; pyramid de- 
fined, 63. 

Obtuse angle defined, 1 ; angled trianj^, 
definition of, 3. 

Octagon described, 8. 

Octagon, problems relating to the:— to 
make an, on a given line, 9 ; to de- 
scribe an. In or about a given circle, 13. 

Octahedron described, 54. 

Offset-staff, described, 54; method of 
using, 94. 

Painters' work, asthod «f neasuring, 88 ; 
exercises, 88. 

Parabola, to describe or construct a, 15 ; 

Pumbola, problems relating to the: — any 
two of the following parts being given 
to find the thim : the parameter, the «b- 



■dssa, and ttie oidinale, 88; fcnBvla 
and examples, 83; to find the area off i^ 
49 ; formidn and examplea, 49 ; to find 
the length off an arc of a, its ordinate 
and absdssa being given, 88 ; fonnula 
and examples, 33. 

Parabolio frustmm, to find the area of a, 
49 ; formula and examples, 49. 

Paraboloid, to find the solidity off a^ 73 ; 
exsmples,73. 

Panboloid, frustrum of a, toflDd'tkaaoU- 
ditr of, 73; examples, 73. 

Parallel lines defined, 1. 

Parallelogram described, 8. 

Parallelogram, problems relating to :— to 
describe a reotangled, having a given 
length and breadth, 6 ; to. find the area 
of a, 84; formula and examples, 84. 

ParaUekmipedim described, 53; to find 
the sohdity off a, 65 ; formula and ex- 
amples, 66. 

Parianes, method of surveying, witA 
chain, described, 118. 

Paviors* worts, method off measuring, 89 ; 

. examplea, 89. 

Pentagon described, 8. 

Pentagon, problems relating to :'--to makt 
a regular, on a given line, ; to in- 
scribe a, in a given diola, 18; exanmle, 
18L 

Pentagonal prism defined, 52. 

Plane, term defined, 1; triangle, defined, 3. 

Planning survevs descril)ed, 96. 

Plasterers' won, method off meMuring, 
87 ; exsmples, 87. 

Plotting scales, described, 96. ' 

Plumbers* work, method off measnring, 
80 ; exsmples, 90. 

Point, term defined, 1. 

Polygons described, 8. 

Polygons, problems relating te ;-4o make 
a, on a given line, 9 ; to Inscribe a, in 
a given circle, 10 ; to circumscribe a, 
about a circle, 10 ; to find the angles of, 
10; to find the centre of a, or the 
centre of its inscribed or circumscribed 
ciide, 11 ; irregular, to find the area of, 
40 ; examples, 40 ; regular, to find the 
area of, 41 ; formula and examples, 41 ; 
regular, being given, to find tlie radii ol 
ite inscribed and circumscribed circle, 
34; formula, 34; examples, 35; tables 
of, 10, 24. 

Practical geometry, problems in, 4. 

Prism, definition of, 62 ; oblique, defined, 
58; pentagonal, defined, 62 ; ri^t, de- 
fined, 68 ; square, defined, 52 ; triangu- 
lar, defined, 62 ; to find the solidity of 
any, 67 ; formula and examples, 67 ; to 
fina the area of the surface oi a, 57. 

Prismoid defined, 64; to find the con- 
tent, 64 ; formula and examples, 64. 

Promiscuous exercises, 63, 

Proportion, symbol for, 18. 

PjTamid, definition <^, 58 ; axis of, de- 
fined, 68; frustrum of, defined, 64; 
height of, described, 54 ; irregular, diw 
scribed, 64; oblique, deflne<l, 63; regit* 
lar, defiued, 64 ; right, described, 63 
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Borfkow of Ngulv iMdiM, tatAt off. 72. 
Siqwiilcoo, menBiiration of, 72; of ttga^ 
lar boduob to And tho, 72; ozunplM, 

n. 

Snrveyi, iteBniog^ daooiibod, 96. 
Surreying* loe^ Zoiuf Stirvt^fing mod 



nUM, Mrthwoik dMKnibod, laO; of 
aroao of Mgmonts of drclao, 137 ; of 
eonvctioDs for ennrmture and refhu;- 
ttom, IS8; of linear moMoro, 19, 97 ; of 
oAsoli for raflway carrea, 138 ; of y^y- 
gons, 10, 24 ; of loUd measiire, 54 ; of 
ipeoiflo grairity. 91 ; of iqiiare measure, 
S4, 97 : of nnacea of roffular bodiea, 
72; for maanuing timber, 189. 

Tlwgant, to draw a, through agiT«n poiat 
taacbda, 8. 

IMrahedron defined, 64. 

Thaorenu, gaometrioal, 10. 

TUaia' won, method of measnzing, 86; 
•saoiplaa, 86. 

Timber meaanxing, 76 ; to iind the area 
or content of a plank, 76 ; examples, 
76; to find the area or oontant by the 
attding nda, 76; eomplea, 76; to 
Ind the acJid content of squared 
timber, 76; ezamplea, 77; by slidinff 
rale, 76 ; example, 77 ; to find the solia 
content of onsquued timber, 78; ex* 
•mplea, 78 ; hy sUding rale, 78 ; exam- 
plea, 79; taUa, 1897^ 

Ttapesoid, dafiniboa of, 8. 

Ts^wBoid, noblasiB relating to tlie :~the 
and two p 



perpenmculars being 
g|f«i,toeoBatniota,6; to ibid the area 
of a» 87; examples, 87. 

Ihvwainm, deflnitioa <rf, 2; diagonal de- 
aoribed, 2; to iInd the area of a^ (1.) 
Per any trapeaium, 88. (2.) When 
two oppoaite angle are aomiements of 
each ouer, 88; exaxiqiles, 88 ; to mea- 
■nre with chain and orosa, field in the 
f«mofa,99; to find tlM content, 99; 
examples, 99. 

IMaogle, acnte aaMed, defined, 8 ; equi- 
latwal, defined, 2; isosceles, defined, 2; 
ebtose ans^ed, defined, 2 ; plane, deil- 
■itian of, 2 ; rigiit angled, defined, 2. 

Skian^e» problems relating to Uie:— to 
ccaistract a, with three given ric^t lines, 
■ny two of which must be greater than 
the thiid, 6; giTen the baae and per- 



pendicular, with the place of the latter, 
to coostrnct the triangle, 6; to con- 
struct a right angled, having a given 
base and perpendicular, and to iind the 
hypothenuse, 6; given the base and 
hypothenuse, to construct the right 
angled triangle, and iind the perpen- 
dicular, 7; to inscribe a circle m a 
given, 11 ; examnles, 11 ; about a, to 
oircumsoribe a circle, 11; exam[des, 
11 ; to make a^ similar to a given, 13 ; 
examples, 13 ; to find one side of a 
right angled, two being given, 19 ; for- 
mulas and examples, Iw ; two sides and 
base beiog given, to find the perpen- 
dicular, 98; formulsB and examples, 
23 ; to find the area of a, 86 ; formula 
and examples, 86 ; to find the area of 
a^ by the chain, 109 ;' the greirtest side 
of every, is opposite the greatest angle : 
theorem, 17; any two angles being 

fiven, the, becomes known : theorem, 
7 • similar, artf to one another in the 

dmiU c ate ratio of their homologoua 

sides; theorem, 17. 
TMangular prism, definition of, 69. 
TWangnlar fields, method of surveying 

with chain and cross, 98 ; construction, 

98; to find the content, 98; examples, 

98. 
^Mangnlar field, method <rf surveying 

with chain, 106 ; examples, 108. 
Ttigm, to describe a, in a given drole, 12. 

Yanlted roofa, to find the concave surface 
of, 90 ; examples, 90 ; to find the coiw 
tent of ,the naaterials, 90 ; examples, 
90. 

Wedffe, to find the solidity of 8,68; foib 
mnuB and ezaDBples, 68. 

T4evel, eonstraction described, 116 ; ad> 
justments described for parallax and 
ooUimation, 116 ; of bnble tube, 117 : 
of the axiSfperpendioalar to theverticM 
axis,117. 

Zone, drcnlar. to find the diameter of a, 
its parallel chords and ita breadth being 
given, 80 ; f onnulss and examples, 30 ; 
circular, to find the araa of a, 46 i es- 
amplei,40. 
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131. BEADY-BBOKONEB FOB MILLBBS, FABMEBS, AND 
MEBOHANTS, showine the Value of anj Quanti^of Corn, 
with the Approxiniate Viuues of Mill-stones & Mill Work. 1«. 

136. BUDIMENTABY ABITHMBIIC, by J. Haddon, edited by 

A. Arman. 1«. 6d, 

137. BBY TO THE ABOVE, by A. Arman. la, 6a. 

147. STEPPING STONE TO ABITHMETIC, by A. Arman. U. 

148. KEY TO THE ABOVE, by A. Arman. U, 

158. THE SLIDE BULB, AND HOW TO USE IT. With 
Slide Bule in a pocket of cover. Ss, 

168. DRAWING AND MEASUBING ; INSTBUMENTS. In- 

cludizig — Instrnments employed in Geometrical and Mecha- 
nical Drawing, the Construction, Copying, and Measurement 
of Maps, Plans, &c., by J. R Hbatheb, M.A. 1^. Qd. 

169. OPTICAL INSTBUMENTS, more especially Telescopes, 

Microscopes, and Apparatus for producmg copies of Maps 
and Flans by Photography, by J. F. Heatheb, M.A. Is. m. 

170. SURVEYING AND ASTBONOMICAL INSTBUMENTS. 

Including — Instruments Used for Determining the Geome- 
trioid Features of a portion of Ground, and in Astronomical 
Observations, by J. F. Heather, M.A. It, 6d, 

• <fc • The above three volumes form an enlargement of the Author^ s 
original work, " Mathematical Instruments" the Tenth JEdition 
of which {No, 32) is stUl on sale, price Is, 6d, 

178. PBAOTICAL PLANE GEOMETBY : Giving the Sunplest 
Modes of Constructing Figures contained in one Plane, by 
J. F. Heather, M.A. 2s, 

178*. PBOJEOTION, Orthographic, Topo^aphic, and Perspective : 
giving the various modes of Delineatmg Solid Forms by Con- 
structions on a Single Plane Surface, by J. F. Heather, M.A. 

*«.* The ahove two volumes, with the Author* s work already in 
the Series, *^ Descriptive Geometry** (see page 3), will form a 
complete Elementary Course of Mathematical Dramng, 



CIVIL ENGINEERINQ. 



13. CIVIL ENGINEEBING, by H. Law and G. B. BomeU. Fifth 
Edition, with Additions, bs, 

29. DBAINAGE0FDISTBICTSANDLANDS,byG.D.D6mpB^. 

With No. 80 (^Seepage 2), Drainage and Sewage of Tovms, 8f. 

PUBLISHED BY LOCKWOOD ft CO., 



WORKS IK FINE ABTS, ETC. 



31. WBLL-SINKINa, BORING, AND PUMP WORK, by J. C . 

Swindell, renaed by Gt, R. BurneU. la, 
43. TUBULAR AND IRON GIRDER BRIDGES, inoluding d 

Britannia and Conway Bridges, by G. D. Dempsej. Is, 6d. 

46. ROAD-MAKING AND MmJTENANCE OP MAOADA 

MISED ROADS, by Field-Marshal Sir J. F.Burgoyne. l8,6d 

47. LIGHTHOUSES, their construction and Illiunination, by Alan 

Stevenson. Ss. 
62. RAILWAY CONSTRUCTION, by Sir M. Stephenson. With 

Additions by E. Nugent, C JS. 29. Gd, 
62». BAILWAY CAPITAL AND DIVIDENDS, with Statistics of 

Working, by E. D. Chattaway. Is. 

No, 62 and 62* t^ 1 voi., Zs. M, 

80^. EMBANEING LANDS FROM THE SEA, by J. TTiggins. 2s. 
82»». GAS WORKS, and the PRACTICE of MANUFACTURING 

and DISTRIBUTING COAL GAS, by S. Hughes. Bs, 
84. WATER-WORKS FOR THE SUPPLY OF CITIES AND 

TOWNS, by S. Hughes, C.E. 4s, 
118. CIVIL ENGINEERING OF NORTH AMERICA, by D. 

Stevenson. Bs. 

120. HYDRAULIC ENGINEERING, by G. R. Bumell.. Ss. 

121. RIVERS AND TORRENTS, with the Method of Regulating 

their Course and Channels, Navigable Canals, &o., from the 
Italian of Paul Frisi. 2s. 6d, 



EMIGRATION. 

154. GENERAL HINTS TO EMIGRANTS. 2s. 

167. EMIGRANT'S GUIDE TO NATAL, by R. J. Mann, M.D. 2s. 

159. EMIGRANT'S GUIDE TO NEW SOUTH WALES, 

WESTERN AUSTRALIA, SOUTH AUSTRALIA, VIC- 
TORIA, AND QUEENSLAND, by James Baird.B.A. 2s. Qd, 

160. EMIGRANT'S GUIDE TO TASMANIA AND NEW ZEA- 

LAND, by James Baizd, BjL 28. 



FINE ARTS. 

20. PERSPECTIVE, by George Pyne. 28, 

27. PAINTING; or, A GRAMMAR OF COLOURING, by G. 
Field. 2s, 

40. GLASS STAINING, by Dr. M. A. Gessert, with an Appendix 

on the Art of Enamd Painting, &c. Is. 

41. PAINTING ON GLASS, from the German of Fromberg. 1*. 
69. MUSIC, Treatise on, by C. C. Spencer. 2s. 

71. THE ART OF PLAYING THE PIANOFORTE, by C. C. 

Spencer. Is, 
181. PAINTING (FINE ART), GuUick and Timbs. 5*. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



€ WOBKS IN MECHAiaCS, ETC. 

LEQAL tREATISES^ 

60. LAW OF OONTSACTS FOB WOBKS AND SSBYICES, 
br David QibbooB. U. Qd. 

107. THE COUNTY COUBT GUIDE, by a Bamater. Is. Gd. 

108. METBOFOLIS LOCAL MANAGEMENT ACTa la. 6d. 
108*. METBOFOLIS LOCAL MANAGEMENT AMENDMENT 

ACT, 1862 ; witli Notes and Index. Is. 

No8. 108 and 108* in 1 vol, 3s. M. 

109. NUISANCES BEMOVAL AND DISEASES FBEVENTION 

A MEND MENT A CT, i s. 

110. BECENT LEGISLATIVE ACTS applying to Oontracton, 

Mer chanta, and Tradennen. Is. 
161. THE LAW OF FBIENDLY, FBOVIDENT, BUILDING, 

AND LOAN SOCIETIES, by N. White. Is. 
163. THE LAW OF PATENTS FOB INVENTIONS, by F. W. 

Campin, Barrister. 2s. 



MECHANICS Sc MECHANICAL ENQINEERING. 

6. M ECH ANICS, by Charles Tomlinson. Is. 6d. 
12. PNEUMATICS, try Charles Tomlinson. New Edition. Is. Qd. 

33. CBANES AND MACHINEBT FOB BAISING HEAVY 

BODIES, the Art of Constructing, by J. Glynn. 1«. 

34. STEAM ENGINE, by Dr. Lardner. Is. 

69. STEAM BOILEBS, their Construction and Management, by 
B. Armstrong. With Additions by B. Mallet. Is. M. 

63. AGBICUI/TU BAL EN GINEEBING, BUILDINGS, MOTIVE 
POWEBS, FIELD MACHINES, MACHINEB7 AND 
IMPLEMENTS, W G. H. Andrews, C.E. 3s. 

67. CLOCKS, WATCHES, AND BELLS, by E. B. Denison. New 
Edition. [Pteparing. 

77*. ECONOMY OF FUEL, by T. S. Prideanz. Is. 6i 

78. STEAM AND LOCOMOTION, by Sewell. {Reprinting. 

78*. THE LOCOMOTIVE ENGINE, 1^ G. D. Dempsey. Is. 6«f. 

79*. ILLUSTBATIONS TO ABOVE. Ito. 4s. M. [Seprinting. 

80. MABINE ENGINES, AND STEAM VESSELS, AND THE 
SCBEW, hj Bobert Murray, C.E., Engineer Surveyor to tlie 
Board of Trade. With a Glossary of Technical Terms, and 
t heir e qni Yalents in French, German, and Spanish. 3s. 

82. WATEB POWEB, as applied to Mills, &c., by J. Glynn. 2s. 

97. STATICS AND DYNAMICS, by T.Baker. New Edition. U6rf. 

:98. MECHANISM AND MACHINE TOOLS, by T. Baker ; and 
TOOLS AND MACHINEBY, by J. Nasmyth. 2s. ^. 

113*^. MEMOIB ON SWOBDS, byMarey, translated by MaxweU. Is. 

114. MACHINEBY,ConstructionandWorking,byC.D.AbeL. ls.6<{. 

PUBLISHED BY LOCKWOOD dk CO., 



NAVIGATION AND NAUTICAL WORKS. 7 

115. PLATES TO THE PBECEDING. 4to. 7». Qd. 

125. COMBUOTION OP COAL. AND THE PKEVBNTION OP 

SMOKE, by 0. Wye Williams, M.I.O.E. Sa. 
199. STEAM ENGINE, MathemAtioia Theory of, hj T.Baker. U. 
162. THE BBASSPOUNDEB'S MANUAL, by W. Graham.. 2^. ed. 

164. MODEEN WORKSHOP PRACTICE. ByJ.G.Winton. St. 

165. IRON AND HEAT, Eihibitiog Uie Principles conoemed in 

the Construction of Iron Beams, Pillars, and Bridge Girders, 
and the Action of Heat in the Smelting Pomace, by Jaxiss 
Abmoub, C.E. Woodcuts. 2*. 6d. 

166. POWER IN MOTION : Horse Power, Motion, Toothed Wheel 

Gearing, Long and Short Driying Bands, Angular Forces, &o., 
by Jambs Armoub, C.E. With 73 Diagrams. 2*.'6tf. 

167. A TREATISE ON THE CONSTRUCTION OP IRON 
. BRIDGES, GIRDERS, ROOPS. AND OTHER STRUC- 

TURB8, Inr P. Campin. Numerous Woodcuts. 2s, 

171. THE WORKMAN'S MANUAL OP ENGINEERING 

DRAWING, by John Maxton, Instructor in En^neering 
Drawing, Royal School of Naval Ajchitecture and Marme Engi- 
neering, South Kensington. Plates and Dii^;rams. Sa, Qd, 

172. MINING TOOLS. For the Use of Mine Managers, Agents, 

Mining Students, &c., by William Morgaks, Lecturer on 
Mining, Bristol School of Mines. 12mo. 28.6d, 

172*.ATLAS OP PLATES to the abore, containing 200 Illustra- 
tions. 4to. 4«. Qd. 

176. TREATISE ON THE METALLURGY OP IRON ; con- 
taining Outlines of the History of Iron Manufacture, Methods 
of Assay, and Analysis of Iron Ores, Processes of Manufacture 
of Iron and Steel, &c., by H. Bauxrman, P.G.S., A.R.S.M. 
Second Edition, rerised and enlarged. Woodcuts. 4«.6i. 

180. COAL AND COAL MINING, by W. W. Smyth. 3*. Qd. 



NAVIGATION AND SHIP-BUILDINQ. 

51. NAYAL ARCHITECTURE, b y J. Pe ake. 3s. 

53*. SHIPS POR OCEAN AND RIYER SERYICE, Construction 

of, by Captain H. A. Sommerfeldt. U, 
53»». ATLAS OP 15 PLATES TO THE ABOYE, Drawn for 

Practice. 4to. Is, 6(2. 

54. MASTING, MAST-MAKING, and RIGGING OP SHIPS, 

by R. Kippi ng. Is, 6d. 
H*. IRON SmP-BUILDING, by J. Grantham. Pifth Edition, 

with Sup^ement. 4s. 
54«». ATLAS OP 40 PLATES to illustrate the preceding. 4to. 38». 

55. NAYIGATION ; the Sailor's Sea Book : Uow to Keep the Log 

and Work it off. Law of Storms, &o., by J. Ghreenwood. 2s. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



8 SCIENTIFIC W0RK8. 

83 bis. SHIPS AND BOATS, Form of, hj W. Bland. It, Qd. 
99. NAX7TICAL ASTBONOMT AND NAViaATION, by J. B. 

Yonnff. 2t. 
100». NAYIGATION TABLBS, for Uie witli tlid abore. U, ed. 
106. SHIPS' ANCHOBS for aU SBBVIOBS, by G. Coteell. U. ed. 
149. SAILS AND SAIL-MAEING, by B. Kipping, N jL 28. ed. 
1^. BNGINEEB'S GUIDE TO THE BOYAL AND MBB- 

CANTILB NAVIES. By a Practical Engineer. BeTised by 

D. F. McCarthy. 3s. 



PHYSICAL AND CHEMICAL SCIENCE. 

1. CHSinSTBY, hy Prof. Fownes. With Appendix on Agri- 

cultur al Chemistry. New Edition, with Inaex. Is, 

2. NATUBAL PHILOSOPHY, by Charles Tomlinson. 1*. hd. 
4. MINEBA LOGY , hy A. Bamsay, Jun. d«. 

7. ELBOTBICITY, by Sir W. S. Harris. Is. 6<2. 

7*. GALVANISM, ANIMAL AND VOLTAIC ELECTBICITY, 
by Sir W. S. Harris. Is. Qd. 

8. MAGNETISM, by Sir W. S. Harris. New Edition, revised and 

enlarged by H. M. Noad, Ph.D., F.B.S. With 165 woodcnts. 

11. HISTOBY AND PBOGBESS OF THE ELEOTBIC TELE- 

GBAPH, by Bobert Sabine, C.E., F.SJL Ss. 
72. BECENT AND FOSSIL SHELLS (A Manual of the MoUnsca), 

by S. P. Woodward. With Appendix by Balph Tate, ^.G.S. 

65. Gd. ; in cloth boards, 7s. Qd. Appendix separately, Is. 
79**. PHOTOGBAPHY, the Stereoscope, &o., from the Frendi 

of D. Van Monckhoren, by W. H. lliomthwaite. Is. Qd, 
96. ASTRONOMY, by the Ber. B. Main. New and Enlarged 

Edition, with an Appendix on " Spectrom Analysis." Is. Qd. 

133. METALLUBGY OF COPPEB, l^ Dr. B. H. Lambom. 2s. 

134. METALLUBGY OF SILVEB AND LEAD, by Lambom. 2s. 

135. ELEOTBO -METALLUBGY, by A. Watt. 2s. 

138. HANDBOOK OF THE TELEGBAPH, by B. Bond. New 

and Enlamd Edition. 3s. 
143. EXPEBIMENTAL ESSAYS— On the Motion of Camphor 

and Modem Theory of Dew, by C. Tomlinson. Is. 

173. PHYSICAL GEOLOGY (partly based on Pordock's " Badi- 

ments of Geology"), by Balph Tate, A.L.S., &c. 25. 

174. HISTOBICAL GEOLOGY (partly based on PortlocVs " Budi- 

ments of G^logy "), by Balph Tate, A.L.S., &o. 28. 6d. 

\* 173 and IH in I 00/., it. ed. 

183. ANIMAL PHYSICS, by Dr. Lardner. Part I., As. 

184. Part II., 3*. 

•«• No$. 18» and IM ml vol doih hoards, 7«. U. 

PUBLISHED BY LOCKWOOD * CO., 



SDUCATIOKAL WOBKS. 9 



MISCELLANEOUS TREATISES. 

12. DOMESTIC MEDIOINB, b7 Dr. Bdph Gooding. 2b. 
112». THE MANAGEMENT OF HEALTH, hj JameB Baird. U. 
113. USB OF FIELD ABTILLEBY ON SEBYICB, l^TaalMrt, 

trandated hj Lient.-CoL H. H. MazwelL U, Qd, 
160. LOGIC, PUBE AND APPLIED, bj 8. H. Emmeni. U. Qd. 
152. PBACTICAL HINTS FOB INVESTING MONET : with 

an Explanation of the Mode of Transacting BoBiness on the 

Stock Exchange, by Franda Playford, Sworn Broker. Is, 
163. LOCKE ON THE CONDUCT OF THE HUMAN UNDEB- 

STANDING, SeleotionB from, hj S. H. Emmeni. 2$, 



NEW SEBIES OF EDUCATIONAL WORKS. 

1. ENGLAND, History of, by W. D. Hamilton. 6«.; cloth boards, 
6«. (Also in 6 parts, price Is, each.} 

6. ^BEECE, History of, by W. D. Hamilton anO E. Lerien, M.A. 

2«. 6^. ; cloth boards, Ss. 6^. 

7. BOME, Histoiy of, by E. Levien. 2«. Qd. ; cloth boards, St. 6^. 
9. OHBONOLOGY OF HISTOBY, ABT, LITEBATUBE, 

and Progress, from the Creation of the World to the Con- 
clusion of the Franco-German War. The continuation by 
W. D. Hamilton, F.S. A. 3«. cloth limp ; 3«. 6<;. cloth boards. 

11. ENGLISH GBAMMAB, by Hyde Clarke, D.CX. It, 

11*. HANDBOOK OF COMPABATIVB PHILOLOGY, by Hyde 
Clarke, D.C.L. la. 

12. ENGLISH DICTIONABY, containing above 100,000 words, 

by Hyde Clarke, D.C.L. 3«. 6d. ; cloth boards, 45. Qd, 

• , with Ghrammar. Cloth bds. 6». 6d, 

14. GBEEE GBAMMAB, by H. C. Hamilton. Is, 

16. DICTIONABY, by H. B. Hamilton. Tol. 1. Greek - 

English. 28, 
17, VoL 2. English— Greek. 2e, 

Complete in 1 toI. 4*. ; doth boards, ds, 

, with Grammar. Cloth boards, 6«. 

19. LATIN GBAMMAB, hy T. Goodwin, M.A. Is. 

20. DICTIONABY, by T. Goodwin, MX Vol. 1. Latin 

— ^English. 2s, 
22. 3 Vol. 2. English— Latin. 1*. Qd, 

Complete in 1 yol. Zs. 6<f . ; doth boards, 4«. 6^. 

, with Ghrammar. Cloth bds. 6«. 6^. 

24. FBENCH GBAMMAB,^ G. L. Stranss. Is, 

26. FBENCH DICTIONABY, by Elwes. VoLl. Fr.— Eng, ls,Qd, 

26. Vol.2. English— French. 2». 

< Complete in 1 yol. Zs, ; cloth boards, Ss, 6^. 

— — : — , with Grammar. Cloth bds. 4«. Qd, 

7, STATIONERS' HALL COUBT, LUDGATE HILL. 



10 EDUCATIONAL WORKS. 

27. ITALIAN GBAMMAB, by A. Elwes. U, 

28. TRIGLOT DICTIONARY, by A. Elwes. Tol. 1. 

Italian — ^English — ^Frendh. 2t, 

30. Vol. 2. Engliflh— French— -Italian. 2s. 

32. .— Vol.3. French— Italian— EngUsh. 2s. 

.Complete in 1 toI. Cloth boards, 7s. 6d. 

— ■ — • — — , with Grammar. Cloth bds. Ss. 6if. 

34. SPANISH GRAMMAR, by A. Elwes. U. 
35. ENGLISH AND ENGLISH— SPANISH DIC- 
TIONARY, bj A. Elwes. is. ; cloth boards, bs. 

— ., with Grammar. Cloth boards, 6s. 

39. GERMAN GRAMMAR, by G. L. Stranss. Is. 

40. READER, from best Authors. 1*. 

41. TRIGLOT DICTIONARY, by N.E.S. A. Hamilton. 

VoL 1. English — German — ^French. 1*. 

42. Vol. 2. German — French — ^English. * Is. 

43. Vol. 3. French — German — ^English. Is. 

Complete in 1 vol. Ss. ; cloth boards, 4s. 

• = — , with Grammar. Cloth boards, 5s. 

44. HEBREW DICTIONARY, by Bresslau. Vol. 1. Heh.— Eng. 6». 

, with Grammar. 7s. 

46. Vol. 2. English— Hebrew. Ss, 

C omplete, witii Grammar, in 2 yols. Cloth boards, 12«. 

46*. GRAMMAR, by Dr. Bresslau. Is. 

47. FRENCM AND ENGLISH PHRASE BOOK. 1*. 

48. COMPOSITION AND PUNCTUATION, by J. Brenan. 1*. 

49. DERIVATIVE SPELLING BOOK, by J. Rowbotham. Is. 6i. 

60. DATES AND EVENTS, by Edgar H. Rand. Is. 

61. ART OF EXTEMPORE SPEAKING. Hinte for the 

Pulpit, the Senate, and the Bar, by M. Bautain, Professor at 
the Sorbonne, &c. 2«. 6d. 

52. MINING AND QUARRYING, by J. H. Collins. I*. 6(f. 

53. PLACES AND FACTS, by Rand. Is. 

THE 

SCHOOL MANAaEES' SEEIES OF BEADING BOOKS, 

Adapted to the Eequirements of the New Code of 1871. 

Edited by the Rey. A, R. Gbant, Rector of Hitcham, and Honorary 

Canon of Ely ; formerly H.M. Inspector of Schools. 

Introductory «• d. $. d. * s. d. 

Primes 3 

7iBST Standard 6 



Fourth Standard 1 2 
Fifth „ 16 



Sscoxd Standard 10 
Third „ 10 

A Sixth Standard in preparation. 

Lessons from the Bible. Part 1. Old Testament. Is. 
Lessons from the Bible. Part 2. New Testment, and Scripture 
Geography. Is. 2d. 

JParts I. and 11. bound togethett 2$. 

PUBLISHED BY LOCKWOOD A CO., 



EDUCATIONAL AND CLASSICAL WOSKS. II 



LATm ANB GBEEE CLASSICS, 

WITH EXPLANATOBT NOTES DC SNOLIfiH. 



LATIN SERIES. 

1. A NEW LATIN DELECTUS, with VocabularieB and 

Notes, by H. Toung 1«. 

2. C^SAB. De Bello Gallioo ; Notes by H. Yoxing . . 2». 

3. COENELIUS NEPOS; Notes by H. Young . . . 1». 

4. VIE€HL. The Georgics, Bucolics, and Doubtful Poems; 

Notes by W. Bushton, M^., and H. Young . U, 6d, 

5. VIBGIL. -aineid Notes by H. Young . . . &. 

6. HOBACE. Odes, Epodes, and Carmen Seonlare, by H. 

Young 1«. 6^. 

7. HOBACE. Satires and Epistles, by W. B. Smith, M. A. U. 6<f. 

8. SALLUST. Catiline and Jugurthine War; Notes by 

W. M. Donne, B.A. . . . . : .Is.Qd. 

9. TEBENCE. AndriaandKeautontimorumenos; Notes by 

the Bey. J. Dayies, M.A U, Qd. 

10. TEBENCE. Adelphi, Hecyra, and Phormio; Notes by 

the Bey. J. Dayies, M.A 2». 

11. TEBENCE. Eunuchus, hj the Bey. J. Dayies, MJl. 1». 6«f. 

Nos, 9, 10, and 11 tn 1 vol, cloth hoardt^ 6«. 

12. CICEBO. Oratio Pro Sexto Boscio Amerino. Edited, 

with Notes, &o., by J. Dayies, M.A. Now ready . . l^. 

14. CICEBO. De Amicitia, de Senectute, and Brutus ; Notes 

by the Bev. W. B. Smith, MX 2». 

16. LIVY. Books i., ii., by H. Young , *, . , 1«. 6<i. 
16*. LIVY. Books iii., iy., y., by H. Young . . . 1«. 6rf. 

17. LIVY. Books xxi., xiii., by W. B. Stmth, M.A. . U 6<f. 

19. CATUWiUS, TIBULLUS, OVID, and PBOPEBTIUS, 

Selections from, by W. Bodham Donne . . . . &. 

20. SUETONIUS and the later Latin Writers, Selections from, 

by W. Bodham Donne 2«. 

21. THE SATIBES OP JUVENAL, by T. H. S. Escott, M.A., 

of Queen's College, Oxford 1«. 6<l. 

7, STATIONEBS' HALL COURT, LUDGATK HILL. 



12 EDUCATIONAL AND CLASSICAL WORKS. 

GREEK SERIES. 

WITH BXFLAKATOKT NOTBS DT SNOLIBH. 



1. A NEW GBEEE DELECTUS, by H. Young ; . 1«. 

2. XENOFHON. Anftbaiif, i., ii., iii., hj H. Toong . . Is. 

3. XENOFHON. AnabMii, ir., r., yi., yii., by H. Young • Is, 

4. LUCIAN. Select Dialoguet, by H. Young . . . I#. 
6. HOMEB. nifld, i. to ri., by T. H. L. Leary, D.C X. 1«. 6<f. 

6. HOMER. Iliad, yii. to xii., by T. H. L. Leary, D.C.L. I#. 6i. 

7. HOMER, niad, xiii. to zriii., by T.H. L. Leary, D.CX. Is. ed. 

8. HOMER. Iliad, xiz. to xxir., by T. H. L. Leary, D.C.L. Is. ed, 

9. HOMER. Odysiey, i. to tI., hy T. H. L. Leary, D.G.L. Is. Qd. 

10. HOMER. Odyiaey, yii. to xii., by T. H. L. Leary, D.CX. U. M, 

11. HOMER. OdyiMy,ziii.toXTiii.,byT.H.L.Leary,I).C.L.l«.6^. 

12. HOMER. Odyeaey, xix. to xxiy. ; and Hymns, by T. H. L. 

Leary, D.C.L. 28. 

18. FLATO. Apologia, Crito, and Fh»do, by J. Dayiee, M.A. 28. 

14. HERODOTUS, Books i., ii., by T. H. L. Leary, D.C.L. Is. &d. 
16. HERODOTUS, Books iii., iy., by T. H. L. Les^, D.CX. U. 6d. 

16. HERODOTUS,Booksy.,yi.,yii.,byT.H.L.Leary,I).GX. Is.ed. 

17. HERODOTUS, Books yiii., ix., and Index, by T. H. L. 

Leary, D.O.L ls.6d, 

15. SOFHOOLES. OSdipus Tyrannus, by H. Young . . Is. 
20. SOFHOOLES. Antigone, by J. Milner, BjL . . . 2s. 
23. EURIFIDES. Hecuba and Medea, by W.B.Smitb,M. A. U.6<;. 
26. EURIFIDBS. Aloeetis, by J. Milner, BA. . . .Is. 
30. ^SOHITLUS. Frometheus Yinotus, by J. Dayiee, M.A. . 1«. 
82. ^SCHYLUS. Septem contra Thebas, by J. Dayiee, M.A. U • 

40. ARISTOFHANES. Acharnensee, by G. S. D. Townshend, 

M.A ls.6d. 

41. THUOYDIDES. FeloponneeianWar. Book i.,by H. Young Is. 

42. XENOFHON. Fanegyric on Agesilaus, by LI. F. W. Jewitt Is.Qd. 

LOCKWOOD A CO., 7, STATIONERS' HALL COURT. 
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INCLUDING MANY 



NEW & STANDARD WORKS 

IN 

ENGINEERING, ARCHITECTURE, 
AGRICULTURE, MATHEMATICS, MECHANICS, 

SCIENCE, &c. &c 

PUBUSHED BY 

LOCKWOOD & CO., 
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ENGINEERING, SURVEYING, &c. 

^ 

Humbers New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, Assoc. Inst. 
C.E., and M. Inst. M.E. Author of "Cast and Wrought Iron 
Bridge Construction," &c. &c This work, it is expected, will con- 
tain about 50 Double Plates, and upwards of 300 pages of Text. 
Imp. 4to, half bound in morocco. [/« the press, 

*#* In accumulating information for this volume, the Author has 
been very liberally assisted by several professional friends, who have 
made this department of ettgineering their special study. He has thus 
been in a position to prepare a work which, within the limits of a 
single volume, will supply the reader with the most complete and 
reliable information upon all subjects, theoretical and practical, con- 
nected with water supply » Through the kindness of Messrs, Ander- 
son, Bateman, Hawksley, Homersham, Baldwin Latham, Lawson, 
Milne, Quick, Rawlinson, Simpson, and others, several works, con" 
structed and in course of construction, from the designs of these gentle' 
' men, will be fully tllustrcUed and described, 

AMONGST OTHER IMPORTANT SUBJECTS THE FOLLOWING WILL BE TREATED 

IN THE text: — 

Historical Sketch of the means that have been proposed and adopted for the Supply 
, of Water. — ^Water and the Foreign Matter usually associated wim it. — Rainfall and 

Evaporation. — Springs and Subterranean Lakes. — Hydraulics. — ^The Selection of 
Sites for Wat«r Works. — ^Wells. — Reservoirs. — Filtration and Filter Beds. — Reservoir 
and Filter Bed Appendages. — Pumps and Appendages.— Pumpine Machinery. — 
Culverts and Conduits, Aqueducts, Syphons, &c. — Distribution of Water. — ^Water 
Meters and general House Fittings. — Cost of Works for the Supply of Water. — Con- 
stant and Intermittent Supply. — Suggestions for preparing Plans, &c. &c., together 
with a Description of the numerous Works illustrated, viz : — Aberdeen, Bideford, 
Cockermouth, Dublin, Glasgow, Loch Katrine, Liverpool, Manchester, Rotherham, 
I Sunderland, and several others ; with copies of the Contract, Drawings and Specific 

I cation in each case. 
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Humberts Modern Engineering. First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1863. Comprismg Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, &c. By William" 
HuMBBR, Assoc. Inst C.E., &c. Imp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of John 
Hawluhaw, C.£., F.R.S., &c Price 3/. 3^. half morocco. 

List of tJu Plates. 

WAME. AND DBSCXIPTION. PLATBS. MAIR OP BNGniKEK. 

Victoria Station and Roof— L. B.& S. C RaiL z to 8 Mr. R. Jacomb Hood, CE. 

Southport Pier 9 and xo Mr. James Brunlees, C.E. 

Victoria Station and Roof— L. C. & D. & G. W. 

Railways zxtoisA Mr. John Fowler, C.E. 

Roof of Cremome Music Hall 16 Mr. William Humber, CEk 

BrideeoverG. N. Railway 17 Mr. Joseph Cubits CE. 

Root of Station — Dutch Rhenish Railway .. zSandxg Mr. Euschedi, C.E. 

Bridge over the Thames— West London Ex- 
tension Railway 3o to 24 Mr. William Baker, C.E. 

Armotu- Plates 35 Mr. James Chalmers, C.K 

Suspension Bridge, Thames a6 to 39 Mr. Peter W. Barlow, C.E* 

The Allen En^e ,. 30 Mr. G. T. Porter, M.E. 

Suspension Bndge, Avon '• 31 to 33 Mr. John Hawlcshaw, CE. 

and W. H. Barlow, CE. 

Underground Railway 34 to 36 Mr. John Fowler, CE. 

With copious Descriptire Letterpress, Specifications, &c. 



fi ' 



Handsomely lith(^;raphed and printed. It will find fkrour with many who desire 
to preserve in a permanent form copies of the plans and specifications inrepared for the 
guidance of the contractors for many important engineering works." — Engineer, 

Humberts Modern Engineering. Second Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1864 ; with Photographic Portrait of Robert Stephenson, 
CE,, M.P., F.R.S., &c Price 3/. 3J. half morocco. 

List of the Plates, 

HAMS AND DESCKIPTION. FLATBS. NAME OF ENGINEER. 

Birkenhead Docks, Low Water Basin x to 15 Mr. G. F. Lyster, CE 

Charing Cross Station Roof— C. C. Railway. x6 to z8 Mr. Hawksfaaw, C.E. 

Digswell Viaduct— Great Northern Railway. 19 Mr. J. Cukitt, C.E. 

Robbery Wood Viaduct— Great N. Railway. 20 Mr. J. Cubitt, CE. 

Iron Permanent Way soa — ^ 

Clydach Viaduct — Merthyr, Tredegar, and 

Abenravenny Railway sx Mr. Gardner, CE. 

Ebbw Viaduct ditto ditto ditto 33 Mr. Gardner, C.E. 

Collie Wood Viaduct— Cornwall Railway . . 33 Mr. Brunei. 

Dublm Winter Palace Roof 34 to 36 Messrs. Ordish & Le Feuvre. 

Bridge over the Thames— L. C. & D. Railw. 37 to 33 Mr. J. Cubitt, C.E. 

Albcxt Harbour, Greenock 33 to 36 Messrs. Bell & Miller. 

With copious Descriptive Letterpress, Specifications, &c. 



" A fvnrMT^ of all the more interesting and important works lately completed in Great 
Britain ; and containing, as it does, carefully executed drawings^ with fuH working 
details will be foimd a valimble accessory to the profession at la^ge.** — Engineer, 

**1tSx. Humber has done the profession good and true service, by the fine collectioa 
of exam^es he has here brought before the profeasioa and the poUic."— /y»«:^!Mi/ 
Mechanics ytmmal. 
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Humberts Modem Engineering. Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER* 
ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a large 
scftk, and Photographic Portrait of J. R. M'Ckan, Esq., late Pre« 
sident of the Institution of Civil Engineers. Price 3/. 31* half 



morocco. 



Ust of Plates and Diagrams^ 



Bndge over Rirer Lea. 
Bridge orer River Lea. 



MAIN DRAINAGE, METROPOLIS. 

NOKTK SlDK. 

Mu> showing lotoc^idoii of Sewen. 
Middle Level Sewer. Sewer under Re> 

gent's Canal. 
Middle Levd Seirw. Jimction with Fleet 

Ditch. 
Ouflall Sewer. Bddge over River Lea. 

Elevation. 
Outfall Sswer. 

I>etails. 
Outfall Sewer. 

Details. 
Outfall Sewer. Bridge over Marsh Lane, 

North Woolwich iGulway, and Bow and 

Barking Railway Junction. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Elevation. 
Out&U Sewer. Bridre over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Ijetaila. 
Outfall Sewer. Bridge over £^t London 

Waterworks' Feeder. Elevation. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Details. 
Reservoir. Flan. 
Reservoir. Section. 
Tumbling Bay and Outlet 
Penstoclo. 



Outfall Sewer. 
Ovtfall Sewer. 
Outfall Sewer. 
Ottt&U Sewer. 



South Sidb. 

Outfall Sewer. Bermondsey Branch. 

Outfall Sewer. Bermondsey Branch. 

Outfall Sewer. Reservoir and Outlet 
Plan. 



MAIN DRAINAGE, METROPOLIS, 
continued-- 



Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sew«r. 



Reservoir and OutUt 
Reservoir and Oudet. 
RoMnroir and Outlet 



Pilth Hoist 

Sections of Sewers (North and South 

Sides). 

THAMES EMBANKMENT. 

Secdon of River WsdI. 

Steam-boat Pier, Westminster. Elevation 

Steam-boat Pier, Westminster. Details. 

Landing Stairs between Charing CrotB 
and Waterloo Bridges. 

York Gate. Front Elevation. 

York Gate. Side Elevation and Details. 

Overflow and Oatlet at Savoy Street Sewer. 
Details. 

Overflow and Outlet at Savoy Street Sewer. 
Penstock. 

Overflow and Outletat Savoy Street Sewer. 
Penstock. 

Steam-boat Pier, Waterloo Bridge. Eleva- 
tion. 

Steam-boat Pier, Waterloo Bridget De- 
tails. 

Steam-boat Pier, Waterfoo Bridge. De« 
tails. 

Junction of Sewers. Plans and Sections. 

Gullies. Plans and Sections. 

Rolling Stock. 

Granite and Iron Forts. 



With copiotu Descriptive Letterpress, Specifications, &c. 



Opirtums of the Press, 



C( 



Mr. Humberts works eq>ecially his annual ' Record,' with which so many of our 
readers are now ^miliar— fill a void occupied by no other branch of literature. .... 
The drawings have a constantly increasing value, and whoever desires to possess clear 
representations of the two great works carried out by our Metropolitan Board will 
obtain Mr. number's last volume. " — Engineering, 

" No engineer, architect, or contractor should fail to preserve these records of works 
which, for magnitude, have not their parallel in the present day, no student in the 
profession but should carefully study the details of these great works, which he may be 
one day called upon to imitate." — Mechanu^s Mmgaxine, 

'* A work highly crediuble to the industry of its author The volume is quite 

an encycl<^}as£a for the study of the student who desires to master the subject of 
municipal drainage on its scale of greatest development"— /'ro^/ATo/ MeckaniifM 
J4ntmctl, 
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Humberts Modem Engineering. Fourth Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a laxge 
scale, and Photographic Portrait of John Fowler, Esq., President 
6[ Ac Institution of Civil Engineers. Price 3/. 3J. half-morocco. 

List of the Plata and Diagrams. 

NAME AND DBSCKIPTION. PLATES. KAME OP ENGINESE. 

Abbey Mills Pumping Station, Main Drainage, 

Metropolis x to 4 Mr. Baaaleette, CE. 

Barrow Docks 5 to 9 Messrs. MXIlean & StiUman, 

Manqiiis Viaduct, Santiago and Valparaiso [C.EI. 

Raiiway xo, xx Mr. W. Loyd, C.E. 

Adams' Locomotive, St Helen's Canal Railw. X3, X3 Mr. H. Cross, C.E. 
Cannon Street Station Roof, Charing Cross 

Railway X4 to x6 Mr. J. Hawkshaw, C.E. 

Road Bridge ov«r the River Moka Z7, x8 Mr. H. Wakefield, C.E. 

Telegraphic Apparatus for Mesopotamia .... 19 Mr. Siemens, C.E. 

Viaduct over the River Wye, Midland Railw. 90 to 2a Mr. W. H. Barlow, CE. 

St. Gomans Viaduct. Cornwall Railway .... 33, 34 Mr. Brund, CE. 

Wrought-Iron Cylinder for Diving Bell 25 Mr. J. Coode, C.K 

Millwall Docks a6 to 31 Messrs. J. Fowler, C.E., and 

William WUson,C£. 

Milroy's Patent Excavator 3a Mr. Milroy, C £. 

Metropolitan District Railway 33 to 38 Mr. J. Fowler, Engineer-iiv- 

Cluef. and Mr. T. M. 
Johnson, CE. 
Harbours, Ports, and Breakwaters a to c 

TTie Letterpress comprises — 

A concluding article on Harbours, Ports, and Breakwaters, with 
lUustrations and detailed descriptions of the Breakwater at Cher- 
bourg, and other important modem works ; an article on the 
Telegraph Lines of Mesopotamia ; a full description of the Wrought* 
iron Diving Cylinder for Ceylon, the circumstances under which it 
was used, and the means of working it ; full description of the 
Millwall Docks ; &c., &c., &c 



Opinions of the Press, 

" Mr. Humber's * Record of Modem Engineering ' is a work of peculiar value^ as 
wdl to those who design as to those who study the art of engineering construction. 
It embodies a vast amotmt of practical information in the form of full descriptions and 
workmg drawings of all die most recent and noteworUiy engineering works. The 
pbtes are excellently lithographed, and the present volume of the ' Record ' is not a 
whit behind its pTGdccessoTS.**'r-M'ecAaHic^ Magazitie. 

** We gladly welcome another year's issue of this valuable publicatioa from the able 
pen of Mr. Humber. The accuracy and general excellence of this work are wdl 
Known, while its usefulness in giving the measurements and details of some of the 
latest examples of engineering, as carried out by the most eminent men in the profes>- 
sion, cannot be too highly prized." — Artizan. 

" The volume forms a valuable companion to those which have preceded it, and 
cannot fail to prove a most important addition to every engineering library." — Minmg 
youmal. 

" No one of Mr. Humber's volumes was bad ; all were worth their cost, from Ae 
mass of plates from well-executed drawings which they contained. In this respect, 
perhaps, this last volume is Uie most valuable that the author has produced." — Pra^ 
ticeU Mechanic^ youmal. 
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Humberts Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William H umber, Assoc. InsL C. E., and M. Inst 
M. E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now first appear in this edition), and numerous 
additions to the Text. In 2 vols. imp. 4to., price 6/. idr. (id. half- 
bound in morocco. 
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'A very valuable contribution to the standard literature of civil engineerinr. In 
addition to elevations, plans, and sections, large scale details are given, which verv 
much enhance the instructive worth of these illustrations. No engineer would wil- 
lingly be without so valuable a fund of information. ** — Civil Engineer and A rchitect's 
youmal. 

^ ** The First or Theoretical Part contains mathematical investigations of the prin- 
ciples involved in the various forms now adopted in bridge construction. Tnese 
investigations are exceedingly complete, ha>'ing evidently been very carefully con- 
sidered and worked out to the utmost extent that can be desired by the practical man. 
Tlie tables are of a very useful character, containing the results of the most recent 
experiments, and amongst them are some valuable tables of the weight and cost of 
cast and wrought-iron structures actually erected. The volume of text is amply illus- 
trated by numerous woodcuts, plates, and diagrams : and the plates in the second 
volume do great credit to both draughtsmen and engravers. In conclusion, we have 
great pleasure in cordially recommending this work to our rcaden."-^Artizan. 

'* Mr. Humber's stately volumes lately issued— in which the most important bridges 
erected during the last five years, under the direction of the late Mr. Brunei, Sir W. 
Cubitt, Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our 
most eminent engineers, are drawn and specified in great detail." — Engineer. 

Weale^s Engineer s Pocket-Book. 

THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR'S 
POCKET-i^OOK (LocKWOOD & Co.'s; formerly Weale's). 
Published Annually. In roan tuck, gilt edges, with 10 Copper- 
Plates and numerous Woodcuts. Price 6j. 
^ " A vast amount of really valuable . matter condensed into the small dimen- 
sions of a book which is, in reality, what it professes to be — a pocket-book 

We cordially recommend the book to the notice of the managers of coal and other 
mines ; to them it will prove a handy book of reference on a variety of subjects more 
or less intimately connected with their profession." — Colliery Guardian. 

^ *' Every branch of engineering is treated of, and facts, figures, and data of every 
kiad abound/*— Af(fcAa«*cx' Mag. 

"It contains a large amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectural 
professions generally." — Mining JffHmal, 

Iron BridgeSy Girders, Roofs, &c. 

A TREATISE on the APPLICATION of IRON to the CON- 
STRUCTION of BRIDGES, GIRDERS, ROOFS, and OTHER 
WORKS ; showing the Principles upon which such Structures are 
Designed, and their Practical Application. Especially arranged for 
the use of Students and Practical Mechanics, all Mathematical For- 
mulae and Symbols being excluded. By Francis Campin, C.E. 
With numerous Diagrams. i2mo., cloth boards, 3J. 

\Recently published, 
" For numbers of young engineers the book is just the cheap, handy, first guide 
they want" — Middlesborough Weekly News. 

* Invaluable to those who have not been educated in mathematics."— C<7//(>r> 
Guardian. 

Remarkably accurate and well ynittea.**— Artisan, 



t* 



6 WORKS PUBLISHED BY LOCKWOOD & CO. 

Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for applicatioii in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix .on the 
Power of Locomotive Engines, and the effect of Indmed Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S., to which are added Experiments by Hodgkinson, Fair- 
bairn, and Kirkaldy ; an Essay (with Illustrations) on the effect 
produced by passing Weights over Elastic Bars, by the Rev. 
Robert Willis, M.A., F.R.S. And Formulae for Calculating 
Girders, &c. The whole arranged and edited by W. Humber, 
Assoc Inst. C.E., Authorof " A Complete arid Practical Treatise 
on Cast and Wrought-Iron Bridge Construction,'' &c. &c. Demy 
8vo, 400 pp., with 19 large Plates, and numerous woodcuts, price 
I Sir. cloth. 

I' Although issued as die sucth edidon, the volume imder consideration is worthy of 
being regarded, for ail pcactkal purposes, as an entirely new work . . . the ImmJc 
is undoubtedly worthy of the highest commendation."— il/»»M^ yourmal. 

" An increased value has bem gJTen to this very valuable work by the addi^oa of 
a large amount of informatioB, which cannot prove otherwise than highly useful to 
those who require to consult it ... . The arrangement and editing of tfa^ 
mass of information has been undertaken by Mr. Htunber, who has most ably fulfilled a 
task requiring special care and ability to render it a success.'*— i/^>iaflrM-/ Maganme. 

" The best bode on the subject which has yet appeared. .... We laiow of 
no work that so completdy fidfils its TEdsaxm."—£nfiisk Mechanic. 

" There is not a pupil in an engineering school, an apprentice in an engineer's or 
architect's office, or a competent cwrk of works, wno will not recognise in the scientific 
volume newly given to circulation, an old and valued friend." — Building News. 

" The standard treatise upon tlus particular subject.** — Engineer. 

Strains, FormulcB & Diagrams for Cctlculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and tiieir 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HuMBER, Assoc. Inst C.E., &c. Fcap. 8vo, with nearly 100 
Woodcuts and 3 Plates, price 7^. 6^. cloth. 

**71ie arrangement of the matter in this little volume is as conveMoit as it well 
could be. .... The system of employing diagrams as a substitute for comi^ex 
computations is one justly coming into great favour, and in that respect Mr. Huaiber's 
volume is fully up to the. times." — Engineering. 

** The formulee are neatly expressed, and the diagrams good.* — Atkemmem. 

"We heartily commend this really handy book to our engineer and architect 
readers."— £»^/M Meehanic. 

Mechanical Engineering. 

A PRACTICAL TREATISE OK MECHANICAL ENGI- 
NEERING : comprising Metallui^, Moulding, Casting, Forging, 
Tools, Workshop Machinery, Medianical Manipulation, Manufac- 
ture of the Steam Engine, &c. &c. With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms. By FRANCIS 
Cam PIN, C.E. Illustrated with 91 Woodcuts and 28 Plates of 
Slotting, Shaping, Drilling^ Punching, Shearing, and Riveting 
Machines — Blast, Refining, and Reverberatory Furnaces — Steam 
Engines, Governors, B<»1^%, Locomotives, &c. Svo, doth, I2x. 
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Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Construction. By F. W. Shkilds, 
M. Inst. C.E. Second Edition, with 5 plates. Royal 8vo, $/. cloth. 
Contents. — Introductory Remarks ; Beams Loaded at Centre | Beams Loaded at 
unequal distances between supports ; Beams imiforatly Loaded ; Girders whh triangu- 
lar bracing Loaded at centre ; jDitto, Loaded at unequal distanocs between supports ; 
Ditto, uniformlv Loaded ; Calculation of the Strains on Girders with triaflBular 
Basings ; Cantilevers ; Continuous Girders ; Lattice Girders ; Girders with Vertical 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto ; Bow and String 
Girders ; Girders of a form not bekmging to any rn;!^ figure ; Plate Girders •, Ap- 
portionments of Material to Strain ; Comjpaiison of different Girders ; Proportion of 
Length to Depth of Girders ; Character oithe Work ; Iron Roofs. 

Construction of Iron B earns y Pillars^ &c. 

IRON AND HEAT, Exhibiting the Principles concerned in the 
Constmction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By James Armour, 
C.K Woodcuts, i2mo, cloth boards, 3^; 6^. ; cl(y& limp, Ir. 6d. 

[Recently published. 
^ ** A very useful and thoroughly practical little volume, ia erery way deserving of 
^xcul'ation amongst working men." — Mining JoumcU. 

" No ironworker who wishes to acquaint himself Mrith the principles of his own 
trade can afford to be without it." — South Durham Mercury. 

Power in Motion. 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, &c. 
By James Armour, C.E. With 73 Diagrams. i2mo, cloth 
boards, 3x. dd. [Recently published. 

'* Numerous illustrations enable the author to convey bis meaning as earplidtly as 
it is perhaps possible to be conveyed. The value of the theoretic and iMractical know- 
ledge imparted cannot well be over estimated." — Newcastle Weekly Chronicle. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations. Third 
Edition, revised and much enlarged. i2mo*, doth boards, 5^. 6</. 

[Just published. 
** Carefully written, it has the merit of brevity and conciseness, as to less important 

pomts, while all material matters are very fully and thoroughly entered into." — 

Standard. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the. Formation of Geo- 
graphieal and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy, and Formulae and Tables for Facilitating 
their Calculation. By Lieut-General Fromk, R.E., late In- 
spector-General of Fortifications, &c. Fourth Edition, Enlarged, 
thoroughly Revised, and partly Re-written. By Captain Charles 
Warren, R.E., F.G.S. With 19 Plates and 115 Woodcuts, 
royal 8vo, price i6j. cloth. [Just pidHshed. 
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Hydraulics. 



HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. By John Neville, Civil Engineer, M.R.LA. 
Second Edition, with extensive Additions, New Formulse, Tables, 
and Greneral Information on Rain-fall, Catchment-Basins, Drainage, 
Sewerage, Water Supply for Towns and Mill Power. With nume- 
rous Woodcuts, 8vo, idr. cloth. 

*»* This work contains a vast number of different hydraulic 
formulae, and the most extensive and accurate tables yet published 
for finding the mean velocity of dischaige from triangular, quadri- 
lateral, and circular orifices, pipes, and rivers ; with experimental 
results and co-efficients ; effects of friction ; of the velocity of 
approach ; and of curves, bends, contractions, and expansions ; the 
best form of channel ; the drainage effects of long and short weirs, 
and weir-basins ; extent of back-water from weirs ; contracted 
channels; catchment-basins; hydrostatic and hydrauUc pressure; 
water-power, &a &c. 



Levelling. 



A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford*s Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Fifth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
%s. 6d, cloth. \* Trautwine on Curves, separate, price $s. 

'* One of the most important text-books for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution would be sought but 
that would be satisfactorily answered by consulting the volume." — Mining youmal. 

** The text-book on levelling in most of our engineering schools and colleges."^ 

'*The publishers have rendered a substantial service to the profession, especially to 
the younger members, by bringing out the present edition of Mr. Simms's useful work.** 

Tunnelling. 

PRACTICAL TUNNELLING ; explaining in DetaU the Setting 
out of the Works ; Shaft Smking and Heading Driving ; Ranging 
the Lines and Levelling Under-Ground ; Sub-Excavating, Timber- 
ing, and the Construction of the Brickwork of Tunnels ; with the 
Amount of Labour required for, and the Cost of the various Por- 
tions of the Work. By Fredk. W. Simms, F.R.A.S., F.G.S., 
M. Inst C.E., Author of **A Treatise on the Principles and 
Practice of Levelling," &c. &c Second Edition, revised by W. 
Davis Haskoll, Civil Engineer, Author of "The Engineer's 
Field-Book, " &c. &c. With 16 large folding Plates and numerous 
Woodcuts. Imperial 8vo, i/. \s. cloth. 
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Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By the late Thomas Tredgold, Mem. 
Inst. C.E., Author of " Elementary Principles of Carpentry," &c. 
Fifth Edition, Edited by Eaton Hodgkinson, F.R.S. ; to 
which are added EXPERIMENTAL RESEARCHES on the 
STRENGTH and OTHER PROPERTIES of CAST IRON. 
By the Editor. The whole Illustrated with 9 Engravings and 
numerous Woodcuts. 8vo, 12^*. cloth. 

*,* HODGKINSON*S EXPERIMENTAL RESEARCHES ON THE 

Strength and Other Properties of Cast Iron may be had 
separately. With Engravings and Woodcuts. 8vo, price 6s, cloth. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M. Inst. C.E., &c &c. With 28 fine Plates, 
8v6, i6j-. 6d, cloth. 

*' A work like this, which goes thoroughly into the examination of the high-press«re 
engine, the boiler, and its appendages, &c., is exceedingly u&eful, and deserves a place 
in every scientific library. "--%S'/Atx« Skipping Chronicle, 

Steam Boilers, 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By Robert Wilson, late 
Inspector for the Manchester Steam Users' Association for the 
Prevention of Steam Boiler Explosions, and for the Attainment of 
Economy in the Application of SteanL i2mo, cloth boards, 328 
pages, price ts. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Printed on 48 Cards, and sold in a 
cloth box, waistcoat-pocket size, price 3^. 6</. 

" Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument — no small advantage as regards the rapidity 
of work. They are clearly printed, and compactly fitted into a small case for the 
pocket — an arrangement tmit will recommend them to all practical men." — Engineer. 

** Very handy : a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind."— .i^/^/mtm/m. 

Laying Out Curves. 

THE FIELD PRACTICE of LAYING OUT CIRCULAR 
CURVES for RAILROADS. By John C. Trautwine, C.E. 
(Extracted from Simms's Work on Levelling). 8vo, 5^. sewed. 
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Estimate and Price Book. 

THE CIVIL ENGINEER'S AND CONTRACTOR'S ESTI- 
MATE AND PRICE BOOK for Home or Foreign Service : 
in reference to Roads, Railways, Tramways, Docks, Harbours, 
Forts, Fortifications, Bridges, Aqueducts, Tunnels, Sewers, Water- 
works, Gasworks, Stations, Barracks, Warehouses^ &c &c. &c 
With Specifications for Permanent Way, Telegraph Materials, 
Plant, Maintenance, and Working of a Railway ; and a Priced List 
of Machmery, Plant, Tools, &c By W. D. Haskoll, C.E. 
Plates and Woodcuts. Published annually. 8vo, doth, dr. 
" As furnishbfir a variety of data on every conceivable want to civil engineers and 
c<»tractors, this oook has ever stood perhaps xuanY9XLe<L**'-Arckitect. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for RcAds and Railways, Canals, lUvers, 
Towns* Water Supplies, Docks and Harbours ; with Description 
and Use of Surveymg Instruments. By W. Davis Haskoll, C.K, 
Author of "The Engineer's Field Book," "Examples of Bridge 
and Viaduct Construction," &c Demy 8vo, price izr. 6^. cloth, 
with 14 folding Plates, and numerous Woodcuts. 
"A most useful and well arranged book for the aid of a student . . • • ^ We 

can strongly recommend it as a carefully-written and valuable text-book." — Builder. 
" Mr. Haskoll has knowledge and experience, and can so give expression to it as 

to make any matter on which he writes, clear to the youngest pupil in a survesror's 

office." — Colliery Gumrdian. 
" A volume which cannot fail to prove of the utmost practical utility. .... It 

is one which may be safely recommended to all students who aspire to become dean 

and expert sxurveyors." — Mining journal. 

Engineering Fieldwork, 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplementary Volume on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W. 
Davis Haskoll, C.E. Numerous folding Plates. Demy 8vo, 2 
vols, in one, cloth boards, i/. is, (published at 2/. \s,) 

Mining Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties: to which is appended M. THOMAN'S (of 
the Cr^it Mobilier, Paris) TREATISE on COMPOUND IN- 
TEREST and ANNUITIES, with LOGARITHMIC TABLES. 
By William Lintern, Mining and Civil Engineer. i2mo^ 
strongly bound in cloth boards, with four Plates of Diagrams, 
Plans, &c, price lOr. 6^. {Just published, 

'* Contains much valuable information given in a small compass, and which, as far 
as ynt have tested it, is thoroughly trustworthy." — Iron and Coal Tradts Review, 

" The matter, arrangement, and illustration of this work are all excellent, and make 
' *he best of its )t}aaA:'— Standard, 
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Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
.a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Chailles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, price i/. 4^. cloth. 
" We can most heartily commend this book. .... It is really the only English 
work we now have upon the subject." — Engineerisig. 

" We strongly recommend the book to the notice of all who are in any way in- 
terested in fires, fire-engines, or fire-brigades." — Mechanic^ MagoMtne. 

Mantial of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Moroans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text. 
l2mo. Wi& an Atlas of Plates, containing 235 Illustrations. 4to. 
Together, price 9^. cloth boards. [Recently published. 

** Students in the Science of Mining; and not only they, but subordinate officials in 

mines, and even Overmen, Captains, Managers, and Viewers may gain practiod 

knowledge and useful hints by the study of Mr. Moi^gans's Manu^'' — Colliery 

Guardian. 
**A very vahiable work, which will tend materially to improve our mining litera- 

txttt,**— Mining' Journal. 

Gas and Gasworks. 

A TREATISE on GASWORKS and the PRACTICE of 
MANUFACTURING and DISTRIBUTING COAL GAS. 
By Samuel Hughes, C.E. Third Edition, revised by W, 
Richards, C.E. With 68 Woodcuts, bound in cloth boards, 
l2mo, price 4r. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
■with a Description of the Principal Geological Formations of 
England as influencing Supplies of Water. By Samuel Hughes, 
F.G.S., Civil Engineer. New and enlaiged edition, i2mo, dotb 
boards, with numerous Illustrations, price 5x, {Just published. 

** One of the most convenient, and at the same time reliable works on a subject, 
the vital importance of which cannot be over-estimated." — Bradford Observer, 

Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 
Wabington W. Smyth, M.A., F.R.S., &c.. Chief Inspector 
of the Mines of the Crown and of the Duchy of Cornwall. New 
edition, revised and corrected. i2mo., cloth boards, with nume- 
rous Illustrations, price 4J. dd, \yust published, 
" Every portion of the volume appears to have been prepared with mucn care, and 
as an outhne is given of every known coal-field in this and other countries, as well as 
of the two principal metho<is of working, the book will doubdess interest a very 
large number of readers." — Mining youmal, 

* Certainly experimental skill and rule-of-thumb practice would be greatly en- 
riched by the addition of the theoretical knowledge and scientific information which 
Mr. Warington Smyth communicates in combination with die results of his own ex- 
perience and personal research."— C0///W7 Guardian. 
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Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, Civil 
Engineer. Third Edition, much enlarged, consisting of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surveying and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the Theodolite, Casting out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and Left-hand Readings of the Instrument; Setting out Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 80 feet deep, cal- 
culated for every 6 inches in depth. With numerous wood-cuts, 
i2mo, price 12s, cloth. 

"A very useful work for the practical engineer and surveyor. Every person 
engaged in engineering field operations will estimate the importance of such a work 
and uie amount of valuable time which will be saved by reference to a set of reliable 
tables prepared with the accuracy and fulness of those given in this volume." — Rail- 
way News. 

*' The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existmg all the same." — Athemeunt, 

" The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession.' —^miic^ 
JoumaL 

** We strongly recommend this second edition of Mr. Haskoll's ' Field Book* to all 
classes of surveyors." — Colliery Guardian. 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Centr^ Railway. With 
numerous Diagrams. i8mo, 2,s, (yd, cloth. 

" As a really handy book for reference, we know of no work equal to it ; and the 
railvray engineers and others employed in the measurement and calculation of earth- 
work will nnd a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — Artizan, 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS. By 
Thomas Stevenson, F.R.S.E., M.I.C.E. Reprinted and en- 
larged from the Article ** Harbours," in the Eighth Edition of " The 
Encyclopaedia Britannica." With 10 Plates and numerous Cuts. 
8vo, iQf. 6</. cloth. 

Mathematical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 
Architect, and Surveyor. By Frederick W. Simms, M. Inst. 
C.E., Author of ** Practical Tunnelling," &c. Third Edition, with 
numerous Cuts. i2mo, price 3J. 6</. doth. 
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Bridge Construction in Masonry y Timber, & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 

TION OF MASONRY, TIMBER, AND IRON ; consisting of 

46 Plates from the Contract Drawings or Admeasurement of seleot 

Works. By W. Davis Haskoll, C.E. Second Edition, with 

the addition of 554 Estimates, and the Practice of Setting out Works, 

illustrated with 6 pages of Diagrams. Imp. 4to, price 2/. I2J. 6^ 

half-moroccOb 

" One of the very few works extant descendtne to the level of ordinary routine, and 

treating on the common cvery-day practice of the railway engineer. ... A work of 

the present nature by a man of Mr. Haskoll's experience, must prove invaluable to 

hundreds. The tables of estimates appended to this edition will considerably enhance 

its y^yxt.**—EHguutring, 

Mathematical Instruments y their Construction, &c. 

MATHEMATICAL INSTRUMENTS : their CONSTRUC- 
TION, ADJUSTMENT, TESTING, AND USE; comprising 
Drawing, Measuring, Optical, Surveying, and Astronomical Instru- 
ments. Bv J. F. Heather, M,A., Author of "Practical Plane 
Geometry," "Descriptive Geometry," &c. Enlarged Edition, for 
the most part entirely rewritten. With numerous Wood-cuts. 
i2mo, cloth boards, price 5^. [New ready. 

Oblique Arches, 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price &-. cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst C.E. Imperial 8vo, 12s, doth. 
"The standard text-book for all engineers regarding skew arches, is Mr. Buck's 
treatise, and it would be impossible to consult a better." — Engineer. 

Wealds Series of Rudimentary Works. 

These hlfpily popular and cheap Series of Books, now oomprlslng 
nearly Three Hundred distlnot Works in almost every department of 
Bcienoe, Art, and Sduoation, are recommended to ttie notice of Sn- 
^eers, Architects, Builders, Artizans, and Students generally, as weU 
as to those interested in Workmen's Libraries, Free Libraries, Literary 
and Scientific Institutions, Colleges, Schools, Scien ce O lasses, ftc, aw. 
*»* Lists may be had on application to LOOKWOOD * GO. 

WeaUs Dictionary of Terms in Architecture^ 
Engineering, Art, &c. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHyE0I4)GY, the FINE ARTS, &c. By John Weale. 
Fourth Edition, enlarged and revised by Robert Hunt, F.R.S., 
Keeper of Mining Records, Editor of ** Ure's Dictionary of Arts," 
&c i2mo, cloth boards, price 6/. \yu5t publishid. 
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~ ARCHITECTURE, &C. 

* 

Constrtu:tion. 

THE SCIENCE of BUILDING : an Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Architect. Illustrated with 47 Wood Engravings. Demy Syo, 

price &r. 6(L cloth. \Recently published^ . 

" A very valuable book, which we strongly recommend to all students."— ^a^^iSrr. 

" While Mr. Tarn's valuable little volume is quite sufficiently scientific to answer 
die purposes intended, it is written in a style that will deservedly make it popular. 
The diagrams are numerous and exceedii^Iy well executed, and the treatise does 
credit aluce to the author and the publisher. '^i^ME^vwrr. 

"No architectural student should be without this hand-book of constructioaal 
knowledge." — Architect. 

"The book is very far from being a mere compilation ; it is an able digest of 
iofonnation whidi is cmly to be found scattered throt^h various works, and contains 
more really original writing than many putting forth fax stronger claims to originality." 
^■Bngineering. 

Beaton s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners* work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of ' Quantities and 
Measurements,' 33 Woodcuts. lather, waistcoat-pocket size. ax. 

Beaton's Builders^ and Surveyors^ Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, with a Treatise on the Measurement of 
Timbers, and Complete Specifications for Houses, Roads, and 
Drains. B^ A. C. Beaton, Author of ' Quantities and Measure- 
ments.' With 19 Woodcuts. Leather. Waistcoat pocket size. zr. 

[Now ready. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of " The Spires and Towers of the Medieval Churches of 
England," &c. First Series, consisting of 30 Plates ; Sacond 
Series, 31 Plates. Complete in i vol., 4to, price 2/. lor. half 
morocco. Either Series separate, price i/. 7^. each, half morocco, 
" The whole of the designs bear evidence of their being the woric of an artistic 

architect, and they will prove very valuable and suggestive to architects, students, and 

amateurs." — BuiUUng News. 

The Architect's Guide. 

THE ARCHITECTS GUIDE ; or, Officeand Pocket Com- 
panion for Engineers, Architects, Land and ESilding Surveyors, 
Contractors, Builders, Clerks of Works, &c. By W. Davis 
Haskoll, C.E., R. W. Billings, Architect, F. Rogers, and 
P. Thompson. With numerous Experiments by G. Rennie, 
C.E., &C. Woodcuts, i2mo, cloth, price 31. dd. 
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Vitruviu^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVltTS 
POLLIO. Translated by Joseph Gwilt, F.S.A., r.R.A.S. 
Numeroiis Plates. i2mo, cloth limp, price 5/. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
WICK, Architect, Author of " The Palace of Architecture,** &c. &c 
Second Edition. With numerous Woodcuts. 8vo, 7/., extra cloth. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a ** Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4tQ, yj. 6</., boards. 

Contents. — I. Practical Rules on Drawing — Outlines. II. Ditto— the Grecian 
md Roman Orders. III. Practical Rules on Drawing— Perspective. IV. Practical 
Rules on Light and Shade. V. Practical Rules on Colour, &c. &c 

Drawing for Engineers ^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, South Kensington. Second Edition, carefully revised. 
With upwards of 300 Plates and Diagrams. i2mo, cloth, 
strongly bound, 41. dd, [Now ready. 

** Even accomplished draiu^htsmen will find in it much that will be of use to them. 
A copy of it should be kept for reference in every drawing office." — Engineering. 

"An indispensable book for teachers of engineering dmmag.** '^ Meckanici* 
Magasiue, 

CottageSy VillaSy and Country Houses. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES ; being the Studies of several eminent 
Architects and Builders ; consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each. 
In 4to, with 67 plates, price i/. u., cloth. 

Builders' Price Book. 

ATCHLEY'S BUILDERS' PRICE BOOK for 1873, contain- 
ing a complete List of Prices of Builder's Materials and Labour of 
all Trades in connection with Building ; useful and important 
Tables and Memoranda for preparing Estimates, compiled by a 
staff of experienced men. To which are added, — Builders' Prices 
for the West Riding of Yorkshire, specially prepared for this work ; 
Tables for Calculating wages ; Builders' Measurements, with Bills 
of Quantities. By A. C. Beaton. Marks and Qualities of 
Timber, with Rules for Calculating the Various Standards ; Iron 
as applied to Building Structures. By a CiviL Engineer. Crown 
8vo, strongly bound, price y, 6d, 



I6 WORKS PUBLISHED BY LOCKWOOD & CO. 

Handbook of Specifications, 

THE HANDBOOK OF SPECIFICATIONS.; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. Preceded by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &c., &c., and explained 
by numerous Lithograph Plates and Woodcuts. By Professor 
Thomas L. Donaldson, President of the Royal Institute of British 
Architects, Professor of Architecture and Construction, University 
College, London, M.LB.A., Member of the various European 
Academies of the Fine Arts. With A Review of the Law of 
Contracts, and of the Responsibilities of Architects, Engineers, 
and Builders. By W. Cunningham Glen, Barrister-at-Law, of 
the Middle Temple. 2 vols., 8vo, with upwards of iioopp. of 
text, and 33 Lithographic Plates, cloth, 2/. 2j. (Published at 4/.) 

" In these two volumes of x,xoo pages (together), fortjr-foiir specifications of executed 
Works are given, includbg the specifications for parts of the new Houses of Parliament, 
by Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P. The 
mter, in particular, is a very complete and remarkable document It embodies, to a 
great extent, as Mr. Donaldson mentions, ' the bill of quantities, with the description 
of the works,' and occupies more than zoo printed pages. 

** Amongst the other known buildings, the specifications of which are given, are 
the Wiltshire Lunatic Asylum (Wyatt and Brandon) ; Tothill Fields Prison (R. Abra- 
ham) ; the City Prison, Holloway (BunnineJ ; the High School, Edinburgh (Hamilton) ; 
Clothworkers' Hall, London (Angel) ; Wellington College, Sandhurst (J. Shaw) ; 
Houses io Grosvenor Square, and elsewhere ; St George's Church, Doncaster 
(Scott) ; several works of smaller size by the Author, including Messrs. Shaw's Ware- 
house in Fetter Lane, a very successful elevation ; the Newcastle-upon-Tyne Railway 
Station (J. Dobson) ; new Westminster Bridge (Page) ; the High Level Bridge, New- 
castle (R. Stephenson) ; various works on the Great Northern Railway (Brydone) ; 
and one French specification for Houses in the Rue de Rivoli, Paris (MM. Armand, 
Hittorff, Pellechet, and Rohault de Fleury, architects). The last is a very elaborate 
composition, occupying seventy pages. The majority of the specifications have iUus- 
tradons in the shape of elevations and plans. 

"We are most glad to have the present work. It is valuable as a record, and more 
valuable still as a hook of precedents. 

"About X40 pages of the second volume are appropriated to an exposition of the 
law in relation to the legal liabilities of engineers, architects, contractors, and builders, 
by Mr. W. Cunningham Glen, Barrister-at-law ; intended rather fur those persons 
than for the legal practitioner. Sufiice it, in conclusion, to say in words wnat our 
readers will have gathered for themselves from the particulars we have given, that 
Donaldson's Handbook of Specifications must be bought by all architects." — Builder, 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. With numerous Illustrations. 
Demy 8vo, price iSj., cloth. 

*«* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. Some of the specifications he has so altered 
as to bring in the now universal use of concrete, the improvements in drainage, the 
use of iron, glass, asphalte, and other material. He has also inserted specifications 
of works that have been erected in his own practice. 
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Grantham s Iron Ship-Buildings enlarged. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, i2mo, cloth limp, also considerably enlarged, 
By John Grantham, M. Inst. C.E., &c Price 2/. ^s, complete. 



Description of Plates, 



X. 



9. 



5. 



8. 



xa 



XX. 
X3. 



13. 



14. 



X5a, 



Hollow and Bar Keels, Stem and 
Stem Posts. [Pieces. 

Side Frames, Floorings, and Bilge 

Floorings continued — Keelsons, Deck 
Beams, Gunwales, and Strinerers. 

Gunwales continued — Lower Decks, 
and Orlop Beams. 

Gunwales and Deck Beam Iron. 

Angle-Iron, T Iron, Z Iron, Bulb 
Iron, as Rolled for Building. 

Rivets, shown in section, natural size ; 
Flush and Lapped Joints, with 
Single and Double Riveting. 

Plating, three plans ; Bulkheads and 
Modes of Securine them. 

Iron Masts, with Longitudinal and 
Transverse Sections. 

Sliding Keel, Water Ballast,Moulding 
the Frames in Iron Ship Building, 
Levelling Plates. 

Longitudinal Section, and Half- 
breadth Deck Plan of Large Vessels 
on a reduced Scale. 

Midship Sections of Three Vessels. 

Large Vessel^ showing Details — Fore 
End in Section, and End View, 
with Stem Post, Cmtches, &c. 

Large l^«j^/,showing Details — After 
End in Section, with End View, 
Stem Frame for Screw, and Rudder. 

Lar^e ^Vjj^/, showing Details— iJ/wf- 
ship SectionAialf breadth. 

Machines for Punching and Shearing 
Plates and Angle-Iron, and for 
Bending Plates ; Rivet Hearth. 

Beam-Bending Machine, Indepen- 
dent Shearing, Punching and Angle- 
Iron Machine. 



x6. 



15^. Double Lever Punching and Shearing 
Machine, arranged for cutting 
Anzle and T Iron, with Dividing 
Table and Engine. 
Machines. — Garforth's Riveting Ma- 
chine, Drilling aud Couuter-Smking 
Machine. 
x6a. Plate Planing Machine. 
17. Air Furnace for Heatini^ Plates and 
Angle-Iron : Various looLs used in 
Riveting and Plating. 
x8. Gunwale ; Keel and Flooring ; Plan 

for Sheathing with Copper. 
i8a. Grantham's Improved Plan of Sheath- 
ing Iron Ships with Copper. 
Illustrations of the Mag^netic Condi- 
tion of various Iron Ships. 
Gray's Floating Compass and Bin- 
nacle, with Adjusting Magnets, &c. 
Corroded Iron Bolt in Frame of 
Wooden Ship ; Jointing Plates. 
Great Eastern — Longitudinal Sec- 
tions and Half-breadth Plans — Mid- 
ship Section, with Details — Section 
in Engine Room, and Paddle Boxes. 
35-6. Paddle Steam Vessel of Steel. 
27. Scarbrough — Paddle Vessel of Steel. 
28-9. Proposed Passenger Steamer. 
30. Persian — Iron Screw Steamer. 

Midship Section of H.M. Steam 

Frigate, Warrior. 
Midship Section of H.M. Steam 

Frigate, Hercules. 
Stem, Stem, and Rudder of H.M. 

Steam Frigate, Bellerophon. 
Midship Section of H.M. Troop Shipy 

Serapis. 
Iron Floating Dock. 



19. 



20. 



21. 



22-4. 



31. 
32. 
33. 
34. 



35 



"An enlarged edition of an elaborately illustrated work.*' — Builder. 

** This edition of Mr. Grantham's work has been enlarged and improved, both with 
respect to the text and the engravings bein^; brought down to the present period . . ; 
The practical operations required in producing a iuiipare described and illustrated with 
care and precision." — Mechanics* Magazine. 

*' A thoroughly practical work, and every question of the many in relation to iron 
shipping which admit of diversity of opinion, or have various and conflicting personal 
interests attached to them, is treated with sober and impartial wisdom and good sense; 
..... As good a volume for the instmction of the pupil or student of iron naval 
architecture as can be fotmd in any language." — Practical Mechanics* Journal. 

** A very elaborate work. . . . It forms a most valuable addition to the history 
of iron shipbuilding, while its having been prepared by one who has made the subject 
his study for many years, and whose qualifications have been repeatedly recognised, 
wUl recommend it as one of practical utility to all interested in shipbuilding."— ^r/»jr 
and Navy Gazette, 



ks works published by LOCKWOOD & CO. 

CARPENTRY, TIMBER, &c. 

♦ 

TredgolcTs Carpentry ^ new^ enlarged, and cJteaper 
Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY: 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofe, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes^ 
the Specific Gravities of Materi^ &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i i of which now first appesr 
in this edition). Portrait of the Author, and several Woodcuts. lu 
I voL, 4to, published at 2/. 2J., reduced to i/. 5^., doth. 

"'Tredgold's Carpentry' ought to be in every architect's and every boilder^s 
libiary, and those wno do not already possess it ought to avail diemselves of the new 
issue. — Builder. 

**K work whose montunental excdlence must commend it wherever skilful car- 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
time, and, as now presented, combine the siurest base with the most interesting d»play 
of progressive science. The additional plates are oX. great intrinsic value." — Building 
New*. 

** * Tredgold's Carpentry' has ever held a high portion, and the issue of the fifA 
edition, in a still more improved and enlax^^ed form, will ^ve sattsfection to a very 
laroe number of artisans who desire to raise themselves m their business, and who 
aeeK to do so by displaying a greater amount of knowledee and intelligence than their 
fellow-workmen, it is as complete a work as need be desired. To the superior 
workman Uie volume will prove mvaluable ; it contains treatises written in language 
wUch he will readily comprehend-'* — Mining JoumaL 

Grandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
and BUILDER'S STANDARD GUIDE. By Richard K 
Grandy. Comprising : — An Analysis of Deal Standards, Home 
and Foreign, with comparative Values and Tabular Arrangements 
for Fixing Nett Landed Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, Duty, &c., 
&c. ; together with Copious Information for the Retailer and 
Builder. i2mo, price Is, 6d. doth. 

*' Everything it pretends to be : built up gradually, it leads one from a forest to a 
treenail, and tmnws in, as a makeweight, a host of material concemine bricks, columns, 
cisterns, &c.—- all that the class to whom it appeals requires."— i^isewA Meckemic. 

** The only difficulty we have is as to what is not in its pages. What we have tested 
of the contents, taJcen at random, is invariably correct."— ///Mr/ra/A/^»f7!(£rr'«^(0i^7i«/, 

Tables /or Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 

Feet in Boxes or Packing-Cases, from six inches square and 

upwards. Compiled by William Richardson, Accountant. 

Oblong 4to, cloth, price 3^. 6^. 

"Will save much labour and calculation to packing-case makers and those who use 
packing-cases."— CPr«r*r. " Invaluable labour-saving tables." — Ironmotiger, 
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Nicholsofis Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentiy. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. ix. cloth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each ^ze 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of S<][uare Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet; 
the readiest mode of ascertainmg the Price of Scantling per Lineal 
Foot of any size, to any ^ven Figure per Cube Foot. Also a 
variety of other valuable information. By William Dowsing, 
Timber Merchant. Second Edition. Crown 8vo, 3^. cloth. 

" Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it" — Hull Advertiser. 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS* 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By William 
Richardson, Timber Broker, author of ** Packing Case Tables,'* 
&c. Crown 8vo, cloth, price 6j. 



MECHANICS, &c. 



Mechanic's Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
useful Rules in Mechanical Science ; with numerous Tables of Prac- 
tical Data and Calculated Results. By W. Templeton, Author 
of **The Engineer's, Millwright's, and Machinist's Practical As- 
sistant." Eleventh Edition, with Mechanical Tables for Operative 
Smiths, Millwrights, Engineers, &c. ; together with several Useful 
and Practical Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. 11 Plates. i2mo, 5^. bound. ^Recently published, 

" As a text-book of reference, in which mechanical and commercial demands are 
judiciously met, Templeton's Companion stands unrivalled. " — Mechanics^ Magazine, 

** Admkably adapted to the wants of a very lar^e class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in life to this Little work. " — Building News. 
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Engineer's Assistant. 

THE ENGINEER'S, MILLWRIGHTS, and MACHINISTS 
PRACTICAL ASSISTANT ; comprising a CoUection of Usefid 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by W. Templeton. Sth Edition. i8mo, 2s,td. cloth. 

" So much varied iuformation compressed into so small a space, and published at a 
price which places it within the reach of the humblest mechanic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our readers." — Mechanics* Magazine. 

*' Every mechanic should become the possessor of the volume, and a mwe suitable 
present to an apprentice to any of the mechanical trades could not possibly be made." 
^-BuHding I^ews, 

Designings Measuring^ and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEA- 
SURING, and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and several useful Tables for facilitating Calculations and 
Measurements. By E. Wyndham Tarn, M.A., Architect. 8vo, 
ICXf. 6^. cloth. [Recently published. 

" This useful book should be in every architect's and builder's office. Tt contains 
a vast amount of information absolutely necessary to be known." — The Irish Builder, 

** The book is well worthy the attention of the student in architecture and surveying, 
as by the careful study of it his progress in his profession will be much facilitated."-* 
Mining journal. 

" We have failed to discover anything connected with the building trade, from ex- 
cavating foundations to bell-hanguig, that is not fully treated upon in this valuable 
work."— 7!t^ Artizan. 

** Mr. Tarn has well performed the task imposed upon him, and has made many 
fiulher and valuable additions, embodying^ a large amount of information relating to 
the technicalities and modes of construction employed in the several branches of the 

building trade. From the extent of the information which the volume 

embodies, and the care taken to secure accuracy in every detail, it cannot fail to prove 
of the highest value to students, whether training in the offices of provincial surveyors, 
or in those of London practitioners." — Colliery Guardian, 

*' Altogether the book is one which well fulfils the promise of its title-pa^e, and wt 
can thoroughly recommend it to the class for whose use it has been compiled. Mr. 
Tarn's additions and revisions have miich increased the usefulness of the work, and 
have especially augmented its value to students. Finally, it is only just to the pub- 
lishers to add that the book has been got up in excellent style, the typography being 
bold and clear, and the plates very well executed." — Engtmering. 



Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Surveyors, 
Engineers, Timber Merchants, Builders, &c. By James Haw- 
KINGS. Fcp. 3 J. (>d, cloth. 



WORKS PUBLISHED BY LOCKWOOD & CO. 21 

MATHEMATICS, &c. 

■ ♦ 

Gregory s Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics— comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Djmamics, Hydrostatics, Hydrodjpamics, Pneumatics, 
Mechanical Agents, Strength of Materials. 'With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL.D., F.R.A.S. Enlarged by Henry Law, C.E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast College; Author of "A Course of 
Mathematics," &c. With 13 Plates. Medium 8vo, i/. u. doth. 

" As a standard work on madieinatics it has not been excelled." — Artizan, 
" I'he enj;;ineer or architect will here find readjr to his hand, rules for solving nearly 
every mathesiatical difficulty that may arise in his practice. As a moderate acquaint- 
ance with arithmetic, algebra, and elementary geometrjr is absolutely necessary to the 
proper understanding of the most useful portions of this book, the author very wisely 
nas devoted the first three chapters to those subjects, so that the most ignorant may be 
enabled to master the whole of the book, without aid from any other. The rules are in 
all cases explained by means of examples, in which every step of the process is clearly 
worked ovtX."— Builder. 

" One of the most serviceable books to the practical mechanics of the country. . 
The edition of 1847 was fortunately entrusted to the able hands of Mr. Law, who 
revised it thoroughly, re-wrote many chapters, and added several sections to those 
which had been rendered imperfect by advanced knowledge. On examining the various 
stnd many improvements which he introduced into the work, they seem almost like a 
new structure on an old plan, or rather like the restoration jof an old ruin, not only to 
its former substance, but to an extent which meets the larger requirements of modem 

times In the edition just brought out, the work has again been revised by 

Professor Young. He has modernised the notation throughout, introduced a few 
paragraphs here and there, and corrected the numerous typographical errors which 
nave escaped the eyes of the former Editor. The book is now as complete as it is 

possible to make it We have carried our notice of this book to a greater 

length than the space allowed us justified, but the experiments it contains are so 
interesting, and the method of describing them so clear, that we may be excused for 
oversteppmg our limit. It is an instructive book for the student, and a Text- 
hook for him who having once mastered the subjects it treats of, needs occasionally to 
refresh his memory upon them.* — Building News. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 

Standard Measures and Weights arc compared with those of the 

Metric System at present in use on the Continent By C. H. 

Bowling, C. E. Second Edition, revised and enlarged. 8vo, 

icxr. dd, strongly bound. 

** Mr. Dowling's Tables, which are well put together, come just in time as a ready 
Kckoner for tJ^e conversion of one systen^ into the other." — Athefutum. 

" Their accuracy has been certified by Professor Airy, the Astronomer-Royal.''— 
Builder. 

. " Resolution 8. — ^That advantage will be derived from the recent publication of 
Metric Tables, by C H. lyo^mg, CKT— Report tff Section F, British AssociattM, 
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Text-Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY: in- 
cluding Magnetism, Voltaic Electricitj, Electro-Magnetism, Dia- 
magnetism, Magneto-Electricitj, Thenno-Electricity, and Electric 
Telegraphy. ]&ing a Condensed Resume of the Theory and Ap- 
plication of Electrical Science, including its latest Practical Deve- 
lopments, particularly as relating to Aerial and Submarine Tele- 
graphy. By Henry M. Noad, Ph.D., Lecturer on Chemistry at 
St George's HospitaL Post 8vo, 400 Illustrations, lis. 6d. doth. 

" We can reoMninend Dr. Noad's book for clear style, great range of subject, a good 
index, and a plethora of woodcuts." — Athemeum. 

'* A most elaborate compilation of the facts of electricity and magnetism, and of the 
tiieories which have b^n advanced concerning them." — Popular Science Review. 

" Qear, compendious, compact, wdl illustrated, and well printed." — Lancet. 

** We can strongly recommend the wotk, as an admixable text-book, to every student 
^-b^inner or advanced — of electricity." — Engineering. 



u ■ 



Nothing of value has been passed over, and nothing given but what will lead to a 
correct, and even an exact, knowledge of the present state of electrical science.** — 
Mechanic/ Magazine. 

** We know of no book on electricity containing so much information on experi- 
mental facts as this does, for the size of it, and no book of any size that contains so 
complete a range of Uucts.**— English Mechanic. 



Rudimentary Magnetism. 



RUDIMENTARY MAGNETISM : being a concise exposition 
of the general principles of Magnetical Science, and the purposes 
to which it has been applied- By Sir W. Snow Harris, F,R.S. 
New and enlarged Edition, with considerable additions by Dr. 
Noad, Ph.D. With 165 Woodcuts. i2mo, doth, 4J. dd. 

\Now ready. 

"There is a good index, and this volume of 4x3 pages may be considered the best 
possible manual on the subject of magnetism." — Mechanic/ Magazifte. 

"As concise and lucid an exposition of the phenomena of magnetism as we believe 
it is possible to write." — English Mechanic. 

** Noc only will the scientific student find thb volume an invaluable book of refer- 
ence, but the general reader will find in it as much to interest as to inform his mind. 
Though a strictly scientific work, its subject is handled in a simple and readable 
style. — Illtutrated Review. 



Chemical Analysis. 



THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of "Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
** Treatise of Chemical Analysis." Illustrated with Woodcuts. 
(A neiv Edition of this work^ revised by Dr, Noady is in preparation.) 

** We recommend this book to the careful perusal of every one ; it may be truly 
aflirmed to be of universal interest, and we strongly recommend it to our readeis as a 
guide^ alike mdispensable to the housewife as to the i^iarmaceutical practitioner."-— 
Medual Times. 

** The very best work on the subject the English press has yet produced."— -Jif«> 
chanic/ Magazine, 
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Science and ArL 

THE YEAR-BOOK of FACTS in SCIENCE and ART ; ex- 
hibiting the most important Improvements and Discoveries of the 
Fast Year in Mechanics and the Useful Arts, Natural Philosophy, 
Electricity, Chemistry, Zoology and Botany, Geology and Mine- 
ralogy, Meteorology and Astronomy. By John Timbs, F.S.A., 
Author of "Curiosities of Science," "Things not Generally 
Known," &c. With Steel Portrait and Vignette. Fcap. 5j. cloth. 

\* This work, published annually y records the proceedings of the 
principal scientific societies, and is indispensable to all who wish to 
possess afaith^l record of the leUest novelties in science and the arts. 

The *back Volumes, from 1861 to 1873, each containing a Steel 
Portrait, and an extra Volume for 1862, with Photograph, may still 
be had, price 5^. each. 

'* Persons who wish for a concise annual summaiy of important scientific events will 
find their desire in the ' Year Book of Facts.' " — Athefutum. 

*' The standard work of its class. Mr. Timbs's ' Year Book ' is always full of sugges- 
tive and interesting matter, and is an excellent risumi of the year's progress in the 
sciences and the arts." — Builder. 

" A correct exponent of scientific pro^^ress .... a record of abiding interest If 
anyone wishes to know what progress saence has made, or what has been done in any 
branch of art during the past year, he has only to turn to Mr. Timbs's pages, and 
is sure to obtain the required information." — Mechanic^ MagOMttte, 

** There is not a more useful or more interesdngcompilation than the 'Year Book of 
Facts.' . . . The discrimination with which Mr. Timl» selects his facts, and the admi- 
rable manner in which he condenses into a comparatively short space all the salient 
features of the matters which he places on record, are deserving of great praise."— 
Railway News, 

m 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars— their Distances and Masses. By Professor 
J. R. Young, Author of " A Course of Elementary Mathematics," 
&c. &C. Fcap. 8vo, price $s. cloth lettered. 

" Professor Young's examination of the early verses of Genesis, in connection with 
modem scientific hypotheses, is excellent." — English Churchman. 

** Distin^ished by the true spirit of scientific inquiry, by great knowledge, by keen 
logical ability, and by a style peculiarly clear, easy, ana eneiigetic." — Nonconformist. 

** No one can rise from its perusal without beine impressed with a sense of the sin« 
gular weakness of modem scepticism." — Baptist Magazine. 

*' A valuable contribution to controversial theological literatiux." — City Press, 

Practical Philosophy. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. 
John Carr, M.A., late Fellow of Trin, Coll., Cambridge. Second 
Edition. i8mo, 5^. cloth. 
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Dr. Lardners Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., fonnerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. Contents : 
The Planets ; are they inhabited Worlds ? — Weather Prognostics — 
Popular Fallacies in Questions of Physical Science — Latitudes and 
Ijongitudes — Lunar Influences — Meteoric Stones and Shooting 
Stars — Railway Accidents — Light — Common Things : — Air- 
Locomotion in the United States — Cometary Influences — Common 
Things: Water— The Potter's Art— Common Things: Fire — 
Locomotion and Transport, their Influence and Progress — The 
Moon — Common Things : The Earth — The Electric Tel^raph — 
Terrestrial Heat — ^The Sun — ^Earthquakes and Volcanoes — Baro- 
meter, Safety Lamp, and Whitworth's Micrometric Apparatus — 
Steam — The Steam Engine — The Eye — The Atmosphere — ^Time 
— Common Things : Pumps — Common Things : Spectacles, the 
Kaleidoscope — Clocks and Watches — Microscopic Drawing and 
Engraving — Locomotive^— Thermometer — ^New Planets : Lever- 
rier and Adams's Planet — Magnitude and Minuteness — Commofor. 
Things: The Almanack— Optical Images — How to observe tthe 
Heavens — Common Things : the Looking^-glass — Stellar Universe 
— The Tides — Colour — Common Things : Man — Magnifying 
Glasses — Instinct and Intelligence — ^The Solar Microscope — The 
Camera Lucida — ^The Magic Lantern — The Camou Obscuca — 
The Microscope — The White Ants : their Manners and Habits — 
The Surface of the Earth, or First Notions of Geography — Science 
and Poetry — The Bee — Steam Navigation — Electro-Motive 
Power— Thunder, .Lightning, and the Aurora Borealis — The 
Printing Press — The Crust of the Earth — Comets — The Stereo- 
scope — The Pre-Adamite Earth — Eclipses — Sound. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes, 
handsomely bound in doth, gilt, red edges, price £1 is, 

" The ' Museum of Science and Art ' is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society." — Sir David 
Brtwster in the North British Review. 

"Whether we consider the liberality and beauty of the illustrations, the chamn of 
the writing, or the durable interest of the matter^ we must express our belief that 
there is hardly to be found among the new books, one that would be welcoBied by 
people of so many ages and classes as a valuable ■ptesetsX.**'-'Exa9niner. 

*•* Separate books formed from the above, suitable for Workmen's 

Libraries, Science Classes^ &^c. 

Common Things Explained. With 233 Illustrations, $s. cloth. 
The Electric Telegraph Popularized, xoo Illustrations, is, 6d/lcloth. 
The Microscope. With 147 Illustrations, 2s. cloth. 
Popular Geology. With 201 Illustrations, 2s, 6d. cloth. 
Popular Physics. With 85 Illustrations. 2s, 6d, cloth. 
Popular Astronomy. With 182 Illustrations, 4s, 6d. cloth. 
Steam and its Uses. With 89 Illustrations, 2s, cloth. 
The Bee and Wh ite A^TS. With 135 Illu&trat:ons, cloth. 
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PR, LARDNER'S S CIENT IFIC HANDBOOKS. 
Astronomy. 

THE HANDBOOK OF ASTRONOMY. By DroNYSius 
Lardner, D.C.L., formerly Professor of Natural Philosophy and 
Astronomy in University College, London. Third Edition. Re- 
-vised and Edited by Edwin Dunkkn, F.R.A.S., Superintendent 
of the Altazimuth Department, Royal Observatory, Greenwidi. 
With 37 plates and upwards of lOO Woodcuts. In i voL, small 
8vo, doth, 550 pages, price 7j. 6d. 
" We can cordially recommend it to all those' who desire to possess a coiiq)liete 
manual of the science and practice of astronomy." — AHroKomiceu Reporter, 

Optics. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. Lond., of University College, London. 
With 298 Illustrations. Small 8vo, cloth, 448 pages, price 5s. 

Electricity. 

THE HANDBOOK of ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B. A., F.C.S. With 400 Illustrations. Small 8vo, cloth, price 5s. 
" The book could not have been entrusted to an>[ one better calculated to presenre 
Ibe terse and lucid style of Lardner, while correcting his errors and brining up his 
work to the present state of scientific knowledge." — Popular Science Review, 

Mechanics. 

THE HANDBOOK OF MECHANICS. \_R^nnHng. 

Hydrostatics. 

THE HANDBOOK of HYDROSTATICS and PNEUMA- 
TICS. New Edition, Revised, and Enlarged by Benjamin 
LoEWY, F.R.A.S. With numerous Illustrations. [/« the press. 

Heat. 

THE HANDBOOK OF HEAT. New Edition, Re-written and 
Enlarged. By Benjamin LoEWY, F.R. A. S. {Preparing. 

Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. With sao 
Illustrations. New edition, small 8vo, cloth, yj. ^d. T^2 pages. 

\yust published. 

Electric Telegraph. 

THE ELECTRIC TELEGRAPH. New Edition. Revised 

and Re-written by E. B. Bright, F,R.A.S. 140 Illustrations. 

Small 8vo, 3T. dd. cloth. 
** One of the most readable b ooks extant on the Elec tric Tdegraph.**""^/y. Mechanic. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner 
328 Illustrations. Fifth Edition, i vol. 3jr. dd. cloth. 
"A very convenient class-book for junior students in' private schools. It is in- 
tended to convey, in clear and precise terms, general notions of all the principal 
divisions of PhysKad Science."— ^W«rA QnarUHy Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Labdner. 

With 190 lUustratioiis. Second Edition, i vol. 3^. 6flf. cloth. 
" Clearly written, well arranged, aad exoeUcntly illustrated. "-^or^^Irff^f Chronicle: 
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Geology and Genesis Harmonised. 

THE TWIN RECORDS of CREATION; or. Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor Le Vaux. With numerous Illustrations. 
Fcap. 8vo, price y. doth. 

" We can reconunend Mr. Le Vaux as an able and interesting guide to a popular 
amreciatton of geological science. " — Spectator, 

"The author combines an unbounded admiration of science with an unbounded 
admiration di. the Written Record.^ The two impulses are balanced to a nicety ; and 
the consequence is, that difficulties, which to minds less evenly poised, would be 
serious, find immediate solutions of the happiest kinds/' — London Review. 

"Vigorously written, reverent in spirit, stored with instructive geological facts, and 
designed to show that there is no discrepancy or inconsistency between the Word and 
the works of the Creator. The future of Nature, in connexion with the glorious destiny 
of man, is vividly conceived." — IVatckman. 

" No real difficulty is riiirked, and no sophistry is left unexposed." — The Rock, 



Geology, Physical. 

PHYSICAL GEOLOGY. (Partly based on Major-General 
Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. ■ Numerous Woodcuts. i2mo, 2s. [Ready, 

Geology^ Historical. 

HISTORICAL GEOLOGY. (Partly based on M^jor-Geneial 
Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo, 2j. 6^. [Ready. 

\* Or Physical aitd Historical Geology, bound in One 
Volume, price ^s. 

Wood' Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, price 2s, 6d, 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from * A Lady's ' publication." — Athenctum. 

** A rtaX Practical guide. It is very complete.** — Literary Churchman. 

" The directions given are plain and easily understood, and it forms a very good 
introduction to the practical part of the carver's art." — English Mechanic. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8yo, 6j. cloth. 

\* This Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington. 

" A work that may be advantaj^eously consulted. Much may be learned, even by 
those who fancy they do not require to be taneht, from the careful perusal of this 
unpretending but comprehensive treatise." — Art Journal. 

' '* A valuable book, which supplies a want. It contains a large amount of original 
matter, agreeably conveyed, and will be found of value, as well by the young artist 
seeking information as by the general reader. We give a cordial wacome to the book, 
and au^r for it an increasing repxxxaxiovu*'— Builder, 

"This volume is one that we can heartily recommend to all who are desirous of 
understanding what they admire in a good painting." — Daily News, 
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Delamotte's Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, price 91-. Elegantly bound, cloth antique. 

"A handy book, beautifully illustrated ; the text of which is well written, and.cal' 
culated to be useful . . . The examples of ancient MSS. recommended to the student, 
which, with much good sense, the author chooses from collections accessible to all, are 
selected with judgment and knowledge, as well as taste." — Athemgum, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ; 
from the Eighth Century, ^iith Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. &c. &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4^. cloth. 

"A well-known engraver and draughtsman has enrolled in this useful book the 
result of many years' study and research. For those who insert enamelled sentences 
round gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls with pithy sentences from the Decalogue, this book wul be useful"— ^/A«iK<v»wr. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque ; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4-f. cloth. 

" To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
whidi die letters of the alphabet and numerals can be formed, ana the talent whidi 
has been expended in the conception of the various plain and ornamental letters is 
wonderful. ** — Standard, 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 21 Plates, and Illuminated Title, 
printed in Gold and Colours. With an Introduction by J. Willis 
Brooks. Small 4to, dr. doth gilt. 

" A volume in which the letters of the alphabet come forth glorified in siding and 
all the colours of the prism interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
only comparable to one of those delicious love letters symbolized in a bunch of flowers 
well selected and cleverly arranged." — Sun. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal Svo, 2s, 6d, in ornamental boards. 
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AGRICULTURE, &c. 



Youatt and Burfis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compeadimn of Husbandry. 
By William Youatt, Esq., V.S. nth Edition, enlarged by 
Robert Scott Burn, Anthor of **The Lessons of My Fann," &c. 
One large 8vo volume, 7S4 pp. with 215 Illustrations, i/. \s, half-bd. 



CONTENTS. 



On the Breeding, Rearing, Fatieninf, 
mnd General Ma»tagem*nt0f Neat CatUe. 
— rlntroductoiy View of tbcoiffereat Breeds 
of Neat Cattle in Great Britain. — Com- 
parative View of the different Breeds of 
Neat Cattle: — General Obwrvations on 
iSwring and Stoddng a Fann with Catde. 
^The Bull.— The Cow.— Treatment and 
"Rearing of Calves. — ^Feeding of Calvesfor 
VeaL —Steers and Dranrfit Oxen.— Grar- 
ang Cattle. — Summer Soiling Cattle. — 
Winter Box and StaU-feedia^ Cattle.— 
Artificial Food for Cattle.— Preparation 
of Food.— Sale of Catde. 

On the Economy and Management of 
the J>€iiry,—yiJiuaL Kane.— Pasture and 
other Food iMst calculated for Cows, as 
it re^ds their Milk. — Situation and 
BttikUnes proper for a Dairy, and the 
proper Dany U ten&ils. — Management of 
Milk and Uream, and the Making and 
Preservation of Butter. — Making and Pre- 
servation <sf Cheese. — Produce ctf a Dairy. 

On tke Breeding, Rearing^ and Ma^ 
nagenunt of Farm-horses. — Introductory 
and Comparative View of the different 
Breeds of Farm-horses. — Rreeding Horses, 
Cart Stallions and Mares. — Resuing and 
Training of Colts. — ^Age, Qualifications, 
and Sale of Horses. — Maintenance and 
Labour of Farm-horses. — Comparative 
Merits of Draught Oxen and Horses. — 
Asses and Mules. 

On the Breedit^, Rearing, and Fat- 
tening of Sheep.— \TAT<jdxixXcny and Com- 
Biative View of the different Breeds. — 
erino, or Spanish Sheep. — Breeding and 
Management of Sheep. — Treatment and 
Rearing of House-lam m, Feeding of Sheep, 
Folding Sheep, Shearing of Sheep, &c. 

On the Breeding, Rearing, and Fat- 
ieningof Swine.— introductory and Com- 
narative View of the different Breeds of 
Swine.— Breeding and Rearing of Pigs. — 
Feeding and Fattening of Swine. — Curing 
Pork and Bacon. 



On tke Diseases of Ca///^.— Diseases 
Incident to Cattle.— Jjiseases (^Calves.— 
Diseases of Hoiaes. — Diseases of Sheep.— 
Diseases o£ Lambs, — Diseases Inddent to 
Swine. — Breeding and Rearing of Do- 
mestic Fowls, Pigeons, &c.— Pahnipedes, 
or Web-footed kinds.— Diseases of Fowls. 

On Farm Offices and Imple men ts of 
Hudfondry. — The Farm-house, the Farm- 
yard, and its Offices. — Construction of 
Ponds. — Farm Cottages.— Farm Imple- 
ments. — Steam Cultivation. — Sowing Ha^ 
chines, and Manure Distributocs.*^Steaa 
Engines, Thrashing Madtiao, Conv 
dressing Machines, Mills, Bruising Ma- 
chines. 

On the Culture and Management of 
Grass Lesnd, — Size and Shape of Fields. 
—Fences. — Pasture Land. — Meadow 
Land.— Culture of Grass Land. — Hay- 
making. — Stacking Hay. — Impediments 
to the Scythe and the Eradication of 
Weeds.— Paring and Burning.— Draining. 
Irrigation.-^- Warping. 

On the Cnltivatton and Application 
of Grasses, Pulse, and Roots. — Natural 
Grasses usually cultivated. — Artificial 
Grasses or Green jCrops. — Grain and 
Pulse commonly cultivated for their 
Seeds, for their Straw, or for Green 
Forage.— Vegetables best calculated lor 
Animal Food. — Qualities and Company- 
tive Value of some Grasses and Roots as 
Food for Catde. 

On Manures in General, and their 
Application to Grass Land. — Vegetable 
Manures. — ^Animal Manures. — Fossil and 
Mineral Manures.— Liquid or Fluid Ma- 
nures. — Composts. — Preservation of Ma- 
nures. — ^Application ofManures.— Flemish 
System of Manurins;. — Farm Accounts, 
and Tables for Calculating Labour by the 
Acre, Rood, &c, and \xy the Day, Week, 
Month, &c.— Monthly Calendar of Woi^ 
to be done throughout the Year.— Obaev- 
vations on the Weather. — Index. 



•• The standard and text-book, with the farmer and zn3agx,'*—Fartner's Magazine. 

" A valuable repertory of intelligence for all who make agriculture a pursuit, and 
especially for those who aim at keepmg pace with the improvements of the age." — 
Melts Messenger. 

**A treatise which will remain a standaid WQfk oft the ialD|ect M long u British 

agriculture endures."— JIfarrift Lane Express^ 
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Scott Burtis System of Modem Farming. 

OUTLINE OF MODERN FARMING. By R. Scott Burn. 

Soils, Manures, and Crops — Farming and Farming Economy, 

Historical and Practical — Cattle, Sheep, and Hoxses — Management 

of the Dairy, Pigs, and Poultry, with Notes on the Diseases of 

Stock — Utilisation of Town-Sewage, Irrigation, and Reclamation 

of Waste Land. New Edition. In I vol. 1250 pp., half^bound, 

profusely Illustrated, price I2J. 

" There is sufficient stated widiin the limits of this treatise to prevent a fitnner 

firom going far wrong in any of his operations. . . . The author has had great 

personal experience, and his opinions are entitled to every respect"— C^^f^rv^r. 

Scott Burn's Introduction to Fanning. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Keeping of Farm- work Records. By Robert 
Scott Burn, Editor of " The Year-Book of Agricultural Facts," 
&c. With numerous Illustrations. Fcp. dr. cloth. 
"A most complete introduction to the whole round of fanning practice." — John 

Bull. 

"There are many hints in it which even old farmers need not be ashamed to 

accept." — Morning Herald, 

Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT : being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. To which are added, Tables for reducing Scotch, Irish, 
and Provincial Customary Acres to Statute Measure ; also. Tables 
of Square Measure, and of the various Dimensions of an Acre in 
Perches and Yards, by which the Contents of any Plot of Ground 
may be ascertained without the expense of a regular Survey ; &c. 
By R. Hudson, C. E. New Edition, price 4r. strongly bound. 

" This new edition includes tables for ascertaining the value of leases for any term 
of years ; and for showing how to lay out plots of ground of certain acres in forms, 
Sfjuare, rouno, &c., with valuable rules for ascertainmg the probable worth of standing 
timber to any amount ; and is of incalculaUe value to the country gentleman and pro- 
fessional man." — Fmtwtef's JcumoL 

Auctioneer's Assistant 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c Bv John Wheeler, Valuer,' &c. 
Third Edition, enlarged, by C. NoRRis. Royal 32mo, strongly 
bound, price ^s. \Recently ptiblished. 

"A neat and concise book of reference, containing an admirable and cicely. 

arranged list of prices for inventories, and a very practical guide to determine the 

value of fiuniture, &c'*-'Sia$ularti. 

The Civil Service Book-ke^ng. 

BOOK-KEEPING NO MYSTERY: its Principles popularly ex- 
plained, and the Theory of Double Entry analysed. By an Expe- 
rienced Book-Keeper, late of H.M. Civil Service, Second 
Edition. Fcp. 8vo. price 2J. cloth. 
"A book which brings the so-called mysteries within the comprdiension ojf the 
amplest capacity."— vfimt/^ Timet. 
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*^A Complete Epitome of the Laws of this 
Country!^ 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Pria- 
ciples of Law and Equity. By A Barrister. loth Edition, 
carefully revised, including a Summary of the Ballot Act, The 
Adulteration of Food Act, The Masters' and Workmen's Arbitra- 
tion Act, the Reported Cases of the Courts of Law and Equity, &c. 
With Notes and References to the Authorities. i2mo, price 6j. &/. 
(saved at every consultation), strongly bound. 

\Now ready, 

C^jmprising the Rights and Wrongs of Individuals , Mercantile and Com- 
mercial LaWy Criminal Law^ Parish Law, County Court LaiVy 
Game and Fishery Laws^ Poor Metis Lawsuits. 

THE LAWS OF 
Bankruptcy — Bills of Exchange — Contracts and Agrkbmbnts — Copyright 

— DOWKR AND DiVORCB — ELECTIONS AND REGISTRATION — INSURANCE — LiBSL 

iifND Slander — Mortgages— Settlements— Stock Exchange Practice — 
Trade Marks and Patents — Trespass, Nuisances, etc — Transfer of 
Land, etc. — Warranty — Wills and Agreements, etc 

Also Law for 
Landlord and Tenant — Master and Servant— Workmen and Apprentices — Heurs, 
Devisees, and Legatees — Husband and Wife — Executors and Trustees — Guardian 
and Ward — Married Women and Infants — Partners and Agents — Lender and 
Borrower — Debtor and Creditor — Purchaser and Vendor — Companies and Asso- 
ciations — Friendly Societies — Clergymen, Churchwardens — Medical Practitioners, 
&c. — Bankers — Farmers — Contractors — Stock and Share Brokers — Sportsmen 
and Gamekeepers — Farriers and Horse-Dealers — Auctioneers, House-Agents— 
Innkeepers, &c. — Pawnbrokers — Surveyors — Railways and Carriers, &c. &c. 

*' No Englishfnan ought to be witkout this hook . . . any person perfectly unin- 
formed on legal matters, who may require sound information on unknown law points, 
will, by reference to this book, acquire the necessary information ; and thus on many 
occasions save the expense and loss of time of a visit to a lawyer." — Engineer. 

" It is a complete code of English Law, written in plain language which all can 
understand . . . should be in the hands of every business man, and all who wish to 
abolish lawyers' bills." — Weekly Times. 

** A useful and concise epitome of the law, compiled with considerable care." — Law 
Magazine. 

" What it professes to be — a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional readers. The book is a handy ope to have in readi- 
ness when some knotty point requires ready solution."— ^^//"f Lije, 

Pawnbrokers Legal Guide, 

,THE PAWNBROKERS', FACTORS', and MERCHANTS' 
GUIDE to the LAW of LOANS and PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and 
Criminal, as to Loans and Pledges of Goods, Debentures, Mercan- 
tile, and other Securities. By H. C. Folkard, Esq., of Lincoln's 
Inn, Barrister-at-Law, Author of the **Lawof Slander and Libel," 
&c. i2mo, cloth boards, price 7^. [Just published. 

The Laws of Mines and Mining Companies. 

A PRACTICAL TREATISE on the LAW RELATING to 
MINES and MINING COMPANIES. By Whitton Arun- 
DELL, Attomey-at-Law. Crown 8vo. 41. cloth. 



Bradbary, Agnew, ft Cfo., Priaten, WhitefrianiLoadon. 



^M A BELSOnOB FBOM TraiLFS BEXtSB. ?3'j^d 

^1^ 5^-^ ^ 

gL% MEASURES, WEIGHTS, AND MONEYS OF ALL \f,^h 

!^i? NATIOJfS, and an AnalyBifl of the Chriatiao, Hebrew, and Si'*^-^ 

-S-^' MahoraeUQUiileadaca. ByW.S. B. Woolhoum, F.R,A.S,,&o. cv^^ 

=«?% INTEGRAL CALCULUS, Rudimentary Trealiso on ^^^, 

^»V ^°' Bj HouESHAK Coi, B.A. Illostcated. li, -jg^uJ 

^^ INTEGRAL CALCULUS, Eswnplea on the. By ^^^ 



'SSS^ JiMM Hura, lato of King's Collego, London. Ulviatratad. .=. .tj.javj.' 
§Jt'e DIFFERENTIAL CALCULUS, Elements of tlie. By ??^^ 
•^^ W. S. B. WootHousB, F.E-i.8., &c 1b. ^5.?| 

^j^ DIFFERENTIAL CALCULUS, Examples and Sola- ^^^ 
^^ tiomintho. By-Jiiuw HiunoN, ILA. Is. iV^^i 

^-^ GEOMETRY, ALGEBRA, and TRIGONOMETRY, ^^ 
jP* jtr in Eaay MnemoniciJ Lcasoiu. By tie Bey. Tuoius Pestnoiom "t; *lti*/ 
*^ Kcu^,M.A. 1.0d. g^^ 

^-f,+ MILLER'S, MERCHANTS, AND FAR2IERS ^5*S 

r^^ JiEAJir RECEONES, for ascertaining at sight the Tiilue at S,^!^ 

v^'P ^"y quantity of Corn, from one Bushel to one hundred QuarlciH, 7*^3 K' 

j3t,t* ftt any givan price, from £1 to £5 per quarter. Togfither with the WT^'-tx 

\«^£^ approximate values of Millslones and Millwoili, &c. Is. jf^tl^'O 

^M ARITHMETIC, Rudimentary, for the nse of Schools *J^^ 
^Jl> and Self- Instruction, Bj Jakes Haddos, M.A. Euviaed by %3'^l(^ 

J^S A KEY to liudimentary Arithmotic By A. Arman. la. 6d, ¥i^^&; 

■;^^ ARITHMETIC, Stepping-Stone to; being a complete ifti'^^ 

«X^ course ot E;iord503 in tho Firat Four Rules (Simple and Com- f$oAl 

Hiund), on an entirely new principle. For the Use of Elementary tp^^i 

ichools of every Grade. Intended aa an Introduction to tho -i^^^^S 

noro cx-fcndcd works on Arithmotic. By Aboaiuji Aestan. la. Li'^A^ 

,4 iTfir to Stoppine-Stone to Arillimetio. ByA.AuMAM. Is. jj^cv^^ 



■!tyu^ -^ ^'^'^ lo BWppine-otone to Antnmelio. liyA.AuMAM. la. •^■^i 

^M THE SLIDE ItULE,_ AND HOW TO USE IT; p-^M- 

•3£^t% ■ containing full, easy, and simple inatractiona to perforra all Bnai- %lf^><^ 

«'^£* "65* CalculationB with unexampled rapidity and accuracy. By V*<»clf? 

^^ Chaeleb HoABE, C.E. With a Slide Rulo in tnck of coyer. 3a. 'i^.'^JV 

"ICS AND DYNAMICS, tho Principles an "^^ 
of; with those of Liquids and Qasos. By T. Bak 



rx^ STATICS AND DYNAMICS, the Principle: 
r^^ tice '" ■■ ■' " "" 
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,\ A SULECTIOB FBOM VEALE'S SEKIES. T^oM 

i-- Ij.'S: 

* Works Beady andin PtepEiratioa for " Weale'B Series." if^ 

J ANALYTICAL GEOMETRY and CONICAL SEC- )%jt 

% tlONS, n Euilimentary Treatisa on. By Jaheb Hank, late ^^TS 

J. Sfathematicol blaster of King's College School, London. ANew y^o^ 

W EdiUon, roviaei! and re-written by J. R. Youso. 2a. [JVow I'Mif/. JJij^ 

^ DRAWING AND MEASURING INSTRUMENTS. ^T^, 

1^ Including — I. lastrumeiita employed in Qeomotrical and He- '^.'•aj'i 

^ chnnicol Drawing, and in the ConBtruction, CopyiDg, and 

[t lleasuremfnit of Jlapa and Plans. II. Instrument Used for the 






3 of Accurate lleaanrement, and (or Arithmeticftl Com- 



i 



■2 pnlationa. By J. F. Heather, AI.A., late of the Boj-al military , 

it Aoaderav, Woolwich, Authorof" Descriptive Geometry," &c. &c. -Jifi'iJ 

ra Illustrated. Is. Gd, [A'ow rwrfy. ^Kf. 

rt OPTICAL INSTRUMENTS. IneludiDg {mora espe- ^^h 

T^ cially) Telescopea, MicroHoopes, and Apparatua for producing .>af|'5ij 

t£ copies of Jlapa and Plans hy Photography. By J F IIeatheh, 'rf' > \\ 

/g M.A. lUuatrated. Is. Od. [JVoicrairfy JJ- 

^ SURVEYING AND ASTRONOMICAL INSTRU f^ 
f} MENTS. Including— I. InstrumonlaTTaod for Detenniningthe ^ 
.^ Geometriral Features of a portioo of Ground. II Instrumento J J 
■ red in Astrooomical ObaervatioQS. By J. P Heatheh, flO 
Dluatratod. Is. Gd. [AWicedy f 

ht above three volumes form an eaUraemcnt of tit Author a V u' 
;^ original worlC, " Maihiinalkid Instrvmentt : lieu ConUi iidtoii, T^iJ j 

C-^ A^iHtment, Tatirtg, and Use," tlto Tenth Edilton of vih,ch H *5^i. 

7a iliU on lale, price Is. 6i j^^^ 

% THE WORKMAN'S MANUAL of ENGINEERING ^^ 
i:'^ BRAWIKG. By Juiis JIaxton, Instructor in Engineering So,'^.^ 
^ Drawing, Royal School of Kaval Architecture and Marine En- "^^Sivft 
T'' gineoring, South Kcneington. Illustrated with 7 Plates and ■i?' 
1^ nearly 350 Woodcuts. Ss. 6d. Cloth boards, 4a. Od. [Noui readg. ^J"^ 

'.i PRACTICAL PLANE GEOMETRY: giving tbe 1^^- 
Jj, Simplest Modes of Constructing Figures contained in one Plane. ■? jfi,^^ 
*| By J. F. Heathbe, M.A. Numeroua Diagramfl. 2b. ?^^t 

j-| PROJECTION: Orthographic, Topogi'aphic, and Per- j^,"^' 

Jf spectivB ; giving the varioua modes of Delineating Solid Forms ^i^ 

»c by Constructions on a Single Plane Surface. ByJ. F. Hbatueb, Sij? o 

■^ M.A. lln preparation. SLV^' 

Ti. •»• The ahott tmo volumea, viilh the Avthor't work already in the ^^o?'' 

Jj, teriei, " Descriptive Geometrj/," will form a complete Etementartj its*^' 

it Course of Maihemalicat Ihamng. *Q.**S^ 

% — HS' 
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